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Title  33 — Navigation  and  Navigable  Waters 

CHAPTER  II — CORPS  OF  ENGINEERS, 
DEPARTMENT  OF  THE  ARMY 

PART  341— EVALUATION  OF  ECONOMIC 
BENEFITS  FOR  FLOOD  CONTROL  AND 
WATER  RESOURCE  PLANNING 

General  Principles  and  Standards  of 
Benefit  Evaluation 

Notice  Is  hereby  given  that  the  regula¬ 
tion  set  forth  below  by  the  Secretary  of 
the  Army  (acting  through  the  Chief  of 
Engineers)  prescribes  revised  imple¬ 
menting  policy  and  procedures  pursuant 
to  section  1  of  the  Rood  Control  Act  of 
22  Jime  1936  (Pub.  L.  74-738).  Specifi¬ 
cally,  the  regulation  emphasizes  the  pro¬ 
cedures  and  measurement  techniques  for 
evaluating  benefits  under  the  national 
economic  development  objective  for  flood 
control  and  related  water  resources 
planning. 

Since  this  regulation  prescribes  a  gen¬ 
eral  policy  statement  and  specific  evalu¬ 
ation  procedures  and  measurement  tech¬ 
niques  designed  primarily  for  internal 
use  by  Corps  professional  staff,  notice  of 
proposed  rulemaking  and  the  procedures 
thereto  is  considered  imnecessary.  This 
regulation  will  become  effective  Au¬ 
gust  15,  1974.  It  does  not  apply  to  plan¬ 
ning  reports  submitted  to  the  Office  of 
the  CJhief  of  Engineers  (OCE)  prior  to 
the  effective  date.  It  applies  fully  to  all 
planning  reports  submitted  to  OCE  after 
December  31, 1974.  It  will  be  applied  par¬ 
tially  to  planning  reports  submitted  be¬ 
tween  August  15,  1974  and  December  31, 
1974. 

Dated:  5  August  1974. 

James  L.  Kelly, 
Brigadier  General.  USA, 
Acting  Director  of  Civil  Works. 
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Authoritt  :  Flood  Control  Act  of  1936, 
Pub.  L.  74-738  (33  U.S.C.  701a),  June  22, 
1936;  Water  Resources  Council,  Principles 
and  Standards  for  Planning  Water  and  Re¬ 
lated  Land  Resources,  38  FR  24778-24869, 
September  10,  1973. 

Subpart  A — Introduction 
§  341.10  Purpose. 

This  regulation  outlines  the  principles, 
standards,  procedures  and  measurement 
techniques  for  evaluating  benefits  under 
the  national  economic  development  ob¬ 
jective  for  flood  control  and  related 
water  resources  planning.  This  is  one  of 
the  objectives  contained  in  the  Prin¬ 
ciples  and  Standards  of  10  September 
1973. 

§  341.11  Authority. 

(a)  Flood  Control  Act  of  1936,  Pub.  L. 
74-738,  33  USC  701a,  June  22,  1936; 

(b)  Water  Resources  Council,  Prin¬ 
ciples  and  Standards  for  Planning  Water 
and  Related  Land  Resources,  38  FR 
24778-24869,  September  10,  1973. 

§  341.12  Definitions. 

“Activity.”  Any  firm,  household  or 
public  service  entity,  be  it  govemmen- 
tally  sponsored,  private,  profit  making, 
quasi-public,  charitable,  etc.;  sometimes 
used  in  text  to  mean  all  activities  of  a 
similar  type;  e.g.  (residential,  agricul¬ 
tural,  manufacturing,  or  commercial). 

“Activity  decisions.”  A  choice  by  an  ac¬ 
tivity  based  upon  maximization  of  its  net 
income  (econcanic  rationality,  net  in¬ 
come)  . 

“Alternative  site,  available  alternative, 
alternative  location.”  (a)  Broadly,  any 
location  where  a  given  activity  might 
locate  outside  of  the  flood  plain;  (b) 
specifically,  the  best  available  non-fiood 
plain  location  at  a  given  point  in  time, 
as  measured  by  maximization  of  net  in¬ 
come  to  the  activity.  As  a  rule  the  site 
is  not  available  if  it  is  already  occupied 
by  a  similar  activity  type  or  it  will  be 
occupied  by  a  similar  activity  t3T>e  both 
with  and  without  the  project.  If  an  al¬ 
ready  occupied  site  is  to  be  considered  as 
the  alternative,  the  costs  of  moving,  in¬ 
cluding  any  unrecovered  sunk  costs,  lost 
interest  and  profits  during  moving  and 
any  diseconomies  to  employees  must  be 
fully  accounted  for.  As  a  practical  mat¬ 
ter,  these  costs  will  usually  preclude  use 
of  occupied  sites  unless  the  useful  life 
of  the  structures  is  near  zero. 

“Area  affected.”  The  area  affected  by  a 
proposed  plan  is  the  flood  plain  plus  other 
areas  likely  to  serve  as  alternate  sites 
for  activities  which  might  use  the  flood 
plain  if  it  were  protected. 

“Associated  costs.”  The  cost  necessary 
to  make  one  site  equally  valuable  as  an¬ 


other.  Value  is  measured  either  as  gross 
Income  (revenues)  or  as  other  total 
output  for  non-monetary  activities,  such 
as  schools  (value,  activity^  development 
costs,  site  development  costs,  site  operat¬ 
ing  costs,  locational  advantages). 

“Average  annual  flood  damages.”  See 
“Flood  damages." 

“Base  year.”  The  first  year  in  which 
the  plan  is  expected  to  become  opera¬ 
tional. 

“Benefit.”  An  NED  benefit  means  an 
increase  in  the  Nations’  output  of  goods 
and  services  and/or  an  improvement  in 
economic  efficiency  caused  by  a  project. 
NED  benefits  are  categorized  according 
to  their  effect  on  activity  decisions  as 
inundation  reduction  benefit,  location 
benefit,  or  intensification  benefit. 

“Benefit  standard.”  The  willingness  of 
users  (benefiting  activity)  to  pay  for  a 
proposed  plan  (user,  activity) . 

“Benefiting  activity.”  An  activity 
which  realizes  an  Increase  in  net  income 
because  of  a  proposed  plan  (user,  ac¬ 
tivity)  . 

“Costs.”  The  amount  expended  by  an 
activity  in  order  to  generate  output,  nor¬ 
mally  excluding  the  rental  value  of  the 
land.  In  this  regulation,  costs  usually 
segregate  those  due  to  fiood  damages  in 
order  to  facilitate  analysis.  However, 
fiood  damages  are  conceptually  a  cost  of 
doing  business.  (Note:  Project  “costs” 
are  a  separate  item) . 

“Damage  susceptibility.”  The  relation¬ 
ship  between  total  value  of  a  type  of  ac¬ 
tivity  in  a  fiood  plain  and  the  fiood  dam¬ 
ages  sustained  by  that  activity.  The  rela¬ 
tionship  is  a  function  of  the  characteris¬ 
tics  of  the  flooding  itself  (depth,  velocity, 
duration,  etc.)  and  the  objects  fiooded 
(dwelling,  materials,  etc.),  and  their 
location. 

“Damages.”  Often  used  in  text  to  mean 
fiood  damages  (fiood  damages) . 

“Damages  reduced.”  Often  used  in  text 
to  mean  fiood  damages  reduced  (fiood 
damages  reduced) . 

“Depreciation.”  A  loss  from  the  upper 
limit  of  value.  An  effect  caused  by  de¬ 
terioration  and/or  obsolescence.  Deterio¬ 
ration  is  reflected  by  wear  and  tear,  de¬ 
cay  or  structural  defects,  obsolescence 
occurs  in  two  forms:  functional  and 
econcanic. 

“Development  costs.”  The  cost  of  pre¬ 
paring  land  for  use  by  an  activity  (site 
development  costs)  plus,  when  appli¬ 
cable,  cost  necessary  to  make  one  site  as 
valuable  as  another  (associated  costs). 
The  difference  in  development  costs  is  a 
component  of  changed  net  income. 

“Economic  benefit.”  Synonymous  with 
benefit,  for  purpose  of  the  economic  de¬ 
velopment  objective. 

“Economic  development  (Objective.” 
The  objective  of  increasing  the  value  of 
the  Nation’s  output  of  goods  and  services 
and  improving  national  economic  effi¬ 
ciency. 

“Economic  efficiency.”  ’The  objective  of 
producing  goods  and  services  at  the  low¬ 
est  possible  cost  per  unit  of  output  for 
a  given  level  of  output  (economic  devel¬ 
opment  ^jectlve,  econcHnic  rationality, 
economic  benefit) . 
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'‘Economic  rationality.”  The  assump¬ 
tion  that  activities  having  full  knowledge 
of  the  flood  hazard  will  attempt  to  msixi- 
mlze  returns,  and  will  not  externalize 
their  flood  losses. 

“Efiaciency.”  Synonymous  with  eco¬ 
nomic  efliciency  for  purposes  of  the  eco¬ 
nomic  development  objective. 

“Exceedence  frequency  (frequency  of 
flooding) .”  The  percentage  of  values 
that  exceed  a  specified  magnitude,  and 
occur  as  the  most  extreme  event  within 
specified  sequential  time  periods;  the  ex¬ 
ceedence  probability  times  one  hundred. 

A  100  year  exceedence  interval  corre¬ 
sponds  to  an  exceedence  frequency  of 
1.00. 

“Exceedence  Interval  (of  flooding).” 
Also,  sometimes  the  less  desirable  terms, 
recurrence  Interval  and/or  return  period 
have  been  used.  The  average  Interval  of 
time  between  values  that  exceed  a  speci¬ 
fied  magnitude;  reciprocal  of  the  ex¬ 
ceedence  frequency  per  100  years.  In  an 
annual  flood  series,  the  average  interval 
In  which  a  flood  of  a  given  size  is  ex¬ 
ceeded  as  an  annual  maximum.  In  a  par¬ 
tial  duration  series,  the  average  Interval 
between  floods  exceeding  a  given  size 
regardless  of  their  relationship  to  any 
period  of  time.  It  should  be  noted  that 
a  flood  corresponding  to  a  100  year  aver¬ 
age  exceedence  interval  is  not  expected 
to  be  equaled  only  once  during  a  100  year 
period.  A  100  year  exceedence  interval 
flood  magnitude  can  be  expected  to  be 
exceeded  one  or  more  times  one  out  of 
four  periods  of  30  years  length,  one  out 
of  two  periods  of  70  years  length,  and 
about  two  out  of  three  periods  of  100 
years  length.  The  total  period  of  time 
under  consideration  must  exceed  1,000  to 
10,000  years  before  the  100  year  exceed¬ 
ence  interval  flood  magnitude  can  be  ex¬ 
pected  to  be  exceeded  on  an  average  of 
once  for  each  100  years. 

“Existing  benefits  (and  damages) .” 
Average  annual  benefits  (and  damages) 
to  activities  affected  by  flooding  at  the 
time  the  study  is  completed. 

“Exceedence  probability  (probability 
of  flooding) .”  A  probability  that  an  event 
selected  at  random,  the  most  extreme 
event  within  each  sequential  time  period 
of  a  specified  loigth,  will  exceed  a  speci¬ 
fied  magnitude.  A  100  year  exceedence 
Interval  corresponds  to  an  exceedence 
probability  of  0.01. 

“Externality.”  Synonymous  with  ex¬ 
ternal  effect.  An  effect  on  parties  other 
than  users  of  the  outputs  of  a  plan;  spe¬ 
cifically,  increased  damages  to  activities 
outside  the  protected  area  under  the 
with — as  compared  to  ttie  without — 
condition. 

“Flood.”  Inundation  arising  from 
stream  overflow,  overland  water  flow, 
high  lake  stages,  high  tides  and  inade¬ 
quate  drainage  plus  stream  related 
erosion,  giiUying,  flood  plain  scouring, 
streambank  cutting,  shore  or  beach 
erosion  and  sedimentation. 

"Flood  characteristics.”  The  physical 
properties  of  floods  are  an  important 
variable  in  determining  and  projecting 
flood  damages. 

“Flood  control  project."  (a)  Broadly, 
a  synonym  for  flood  plain  management 


plan;  (b)  Narrowly,  a  structural  project 
by  whomsoever  undertaken. 

“Flood  damages.”  (a)  Broadly,  dam¬ 
ages  caused  by  a  flood;  (b)  often  “flood 
damages”  mean  “average  annual  dam¬ 
ages.”  Floods  vary  in  size  and  frequency. 
Average  annual  damages  are  yearly 
damages,  on  average,  at  any  point  in 
time,  assuming  one  set  of  conditions  and 
are  independent  of  the  interest  rate  used 
for  project  evaluation;  (c)  flood  damages 
are  a  cost  of  doing  business;  reduction  of 
the  damage  is  therefore  a  reduction  in 
costs  which  contributes  to  economic  ef¬ 
ficiency  (synonymous  with  inxmdation 
damages) . 

“Flood  damages  prevented.”  Flood 
damages  with  a  plan  or  project  deducted 
from  damages  without  the  plan  or 
project. 

“Flood  damages  reduced.”  Ssmonsun 
for  flood  damages  prevented. 

“Flood  plain.”  Land  physically  inun¬ 
dated  by  a  flood. 

“Flood  plain  management  plan.”  A 
plan  for  responding  to  the  adverse  effects 
of  flooding  (flood).  This  plan  may 
envision  structmal  measures,  flood 
proofing,  zoning,  management,  or  a 
combination.  This  regulation  provides 
for  choosing  plans  on  the  basis  of  the 
economic  development  objective. 

“Gross  income.”  Total  return  to  an 
activity.  Usually  expressed  in  dollars 
(s3monym  for  gross  or  total  revenues). 
Gross  Income,  less  costs,  rent,  and  flood 
damages,  equals  net  income  for  a  given 
activity  (revenues,  costs,  rent,  flood  dam¬ 
ages,  net  Income) . 

“Index.”  The  relation  or  proportion  of 
one  amount  to  another;  an  Indicator, 
e.g.,  density  is  an  index  of  urbanization. 
The  proper  choice  and  use  of  an  index 
is  often  critical  to  the  accuracy  of  pro¬ 
jections.  Therefore,  use  of  one  item  to 
indicate  changes  in  another  item  should 
be  based  upon  (1)  establishing  empiri¬ 
cal  relationship  between  the  two  it^s; 
(2)  confirming  a  logical  relationship  be¬ 
tween  the  two  items,  and  (3)  determin¬ 
ing  the  likelihood  that  the  relationships 
will  continue  over  time  and  the  nature 
of  possible  variances. 

“Infrastructural  locational  advantage.” 
See  locational  advantage. 

“Intensification  benefit.”  Benefit  which 
arises  because  a  plan  or  project  induces 
an  activity  to  modify  its  operation  on  the 
flood  plain. 

“Intensification  of  land  use.”  An  in¬ 
crease  in  the  gross  output  of  an  existing 
activity  at  an  existing  site,  due  to  a 
change  in  the  factors  of  production. 

“Immdation  reduction  benefit.”  The 
flood  control  benefit  to  those  activities 
whose  location  decisions  are  imaflected 
by  a  proposed  plan.  It  is  the  value  of 
those  flood  losses  prevented  to  those 
activities  which  would  use  the  flood  plain 
even  without  the  proposed  plan. 

“Inundation  damages.”  Synonym  for 
flood  damages. 

“Land  use.”  A  description  as  to  how 
land  is  utilized  within  the  affected  area. 
A  change  in  land  use  is  based  upon  af¬ 
fected  area  requirements  and  the  ability 
of  the  flood  plain  to  better  meet  these 
requirements  given  various  levels  of  pro¬ 


tection.  A  major  source  and  starting 
point  are  land  use  maps,  with  support 
data,  determined  by  responsible  local, 
regional  and  Federal  agencies.  The  detail 
niunber  of  levels  of  protection  and  num¬ 
ber  of  years  land  use  need  be  projected 
will  vary  with  the  plans  being  considered 
and  the  area  being  studied.  The  level  of 
detail  should  be  based  upon  the  criteria 
of  whether  formulation  and  justification 
are  affected. 

“Location  advantage.”  For  any  given 
demand  for  land,  the  desirability  one 
parcel  of  land  may  possess  over  another; 
and  advantage  may  be  physical,  aes¬ 
thetic,  infrastructural  or  a  combination 
thereof.  The  former  includes  slope,  foim- 
datlon,  potential  for  flooding,  availability 
of  water;  infrastructural  locational  ad¬ 
vantages  are  primarily  psychological, 
such  as  nearness  to  existing  population, 
accessibility  to  hl^ways,  civil  stability, 
and  proximity  to  market.  Most  physical 
advantages  do  not  change  significantly 
over  time  and  are  generally  measiu^d  in 
terms  of  site  development  costs  or  in 
terms  of  hazard  damage  sustained.  In¬ 
frastructural  advantages  will  change 
over  time  as  an  area  develops,  depreci¬ 
ates  or  redevelops.  It  Is  most  difficult  to 
quantify  infrastructmal  advantages. 
Measuring  associated  costs  is  one  way, 
where  it  is  possible  to  make  two  parcels 
of  land  equivalently  valuable  for  an  ac¬ 
tivity  by  a  measurable  expenditure  (e.g., 
by  putting  in  a  road,  by  evaluating  com¬ 
muter  costs  between  two  sites,  etc.). 
Where  this  is  not  possible,  a  direct  esti¬ 
mate  of  the  value  of  the  location  may  be 
made.  A  starting  point  is  to  state  the  ad¬ 
vantage  (s)  quantitatively;  eg;.,  water 
supply  available.  A  second  step  would 
be  to  attempt  to  measure  the  market 
value  of  comparable  land  and  activities 
with  and  without  the  advantage.  The 
purpose  is  to  Isolate  imique  advantages. 
Interviews  with  experts  may  also  be  help- 
fxil.  Where  the  infrastructural  advantage 
cannot  be  measured  either  directly  or  by 
associated  devlopment  costs,  the  advan¬ 
tage  should  be  listed  qualitatively  by 
the  reporting  planner. 

“Location  benefit.”  C)hanges  in  net  in¬ 
come  to  those  activities  whose  decisions 
as  to  where  to  locate  are  affected  by  the 
proposed  plan. 

“Mai^et  value.”  Synonym  for  value. 

“Net  income."  For  firms,  the  differ¬ 
ence  between  the  gross  income  and  costs 
(or  expenses).  For  households  or  public 
service  activities,  the  difference  between 
the  value  (market  or  simulated)  of  the 
good  or  service  supplied  and  the  alter¬ 
native  cost  of  providing  that  same  serv¬ 
ice.  The  difference  is  net  income  for 
users  and  is  the  benefit  attributable  to  a 
flood  control  project.  It  is  «nphasized 
that  net  income  merely  defines  the  bene¬ 
fit;  it  does  not  indicate  how  the  benefit 
is  to  be  measured.  Costs  exclude  land 
rent  except  when  specified  otherwise  in 
the  regulation  (costs,  revenues,  benefit) . 

“Period  of  analysis.”  Hie  period  of 
analysis  is  that  time  horizon  over  which 
needs  shall  be  assessed  and  is  the  basis 
for  the  NED  benefit-cost  ratio.  Hie  pe¬ 
riod  of  analysis  is  100  years  for  major 
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reservoirs,  major  long-term  urban  pro¬ 
tection  and  main-line  levees.  It  is  50 
years  for  all  other  flood  control  measures. 

“Physical  locational  advantage.”  See 
locational  advantage. 

“Productivity.”  (a)  The  ability  to  pro¬ 
duce  or  increase  output;  (e.g.)  normally 
expressed  as  a  rate  of  output  over  time; 

(b)  economic  eflaciency. 

“Profit.”  SsmonsTnous  with  net  Income, 
as  used  in  this  regulation. 

“Project.”  See  flood  control  project. 
“Protection.”  A  measure  of  the  level 
of  a  flood  protection  or  plan,  generally 
measured  by  the  exceedence  frequency 
protected  against  (e.g..  Standard  project 
protection,  50-year  protection) .  (exceed¬ 
ence  frequency,  threshold  level) 
“Rationality.”  See  economic  ration¬ 
ality. 

“Rent.”  The  value  to,  or  the  amoimt 
paid,  a  landowner  for  use  of  his  raw 
land;  a  component  of  location  beneflt. 
Economic  rent  equals  the  net  income 
of  the  occupying  activity. 

“Remaining  flood  damages.”  Flood 
damages  which  will  occur  even  with  a 
flood  plain  management  plan  (flood  dam¬ 
ages,  flood  damages  prevented) . 

“Sensitivity  analysis.”  The  calculation 
of  the  rate  of  change  of  the  objective 
fimction  with  respect  to  a  partic\ilar 
parameter.  An  analysis  of  the  compo¬ 
nents  of  a  plan  based  upon  alternative 
assumptions  and/or  projections  to  de¬ 
termine  if  a  change  in  a  meastire  would 
appreciably  affect  plan  choice,  design  or 
schedule. 

“Site  operating  costs.”  The  costs  of  op¬ 
erating  a  given  activity  on  a  given  par¬ 
cel  of  land.  The  difference  is  a  compo¬ 
nent  of  location  advantage,  (site  develop¬ 
ment  costs,  associated  costs,  development 
costs,  location  beneflt) 

“Standard  project  flood.”  A  large  and 
Improbable  flood,  usually  simiilated  by 
placing  the  largest  storm  of  record  in 
a  given  region  over  a  specific  basin  or 
sub-basin. 

“Threshold  level.”  For  a  given  activity 
and  year,  the  protection  level  at  which 
the  activity  is  Indifferent  to  locating  on 
or  off  the  flood  plain.  The  activity  is  in¬ 
different  when  net  Incomes,  on  and  off 
the  flood  plain,  are  equal.  Threshold 
levels  are  crucial  to  location  ben^t 
measurement  and  to  land  use  analysis. 

“Uneconomic.”  An  event  which  Is  not 
economically  rational  (economic  ration¬ 
ality.) 

“User.”  Synonym  for  benefiting 
activity. 

“Value.”  In  this  regulation,  value 
means  market  value;  i.e.,  what  a  willing 
buyer  will  pay  a  willing  seller  for  a  good 
or  service  assuming  full  knowledge  by 
both  parties  of  the  pertinent  market 
characteristics  of  the  good  or  service. 
The  market  may  be  simulated. 

“Willingness  to  pay.”  The  beneflt 
standard  for  National  Economic  Devel¬ 
opment  beneflts  attributable  to  a  flood 
plain  management  plan. 

“With  project  condition.”  The  condi¬ 
tion  of  having  a  specific  flood  control 
plan,  regardless  of  sponsorship  or 
operation. 


“Without  project  condition.”  The  con¬ 
dition  of  not  having  the  speciflc  flood 
control  plan  in  operation.  It  is  described 
in  terms  of  what  is  most  likely  to  occur 
within  an  area  under  evaluation  without 
the  speciflc  action,  regardless  of  spon¬ 
sorship. 

“Zoning.”  Authoritative  restriction  of 
uses  to  which  land  may  be  put.  A  form 
of  land  use  regulation. 

Subpart  B — General  Principles  and 

Standards  of  Benefit  Evaluation 

§  341.20  Definition  and  examples  of  na¬ 
tional  economic  development  objec¬ 
tive. 

This  regulation  applies  where  national 
economic  development,  providing  for  an 
increase  in  the  value  of  the  Nation’s  out¬ 
put  of  goods  and  services  and  improving 
national  economic  efficiency,  is  an  objec¬ 
tive.  When  this  is  the  case,  the  develop¬ 
ment  of  water  and  related  land  resources 
results  in  increased  production  of  goods 
and  services  which  can  be  measured  in 
terms  of  their  value  to  the  user.  In¬ 
creases  in  crop  yields,  expanding  recrea¬ 
tional  use,  and  peaking  capacity  for 
power  systems  are  examples  of  direct 
increases  in  national  output  which  result 
from  water  and  land  resource  develop¬ 
ments.  Such  developments  often  result 
in  an  increase  in  the  productivity  of 
labor  and  capital  used  with  these  re¬ 
sources.  Increases  in  earnings  through 
changes  in  land  use,  reduced  disruption 
of  economic  activity  due  to  droughts, 
floods  and  inadequate  water  supplies, 
and  removal  of  constraints  on  pn^uc- 
tion  through  improved  water  quality  are 
additional  examples  of  direct  Increases 
in  productivity  from  water  and  land  de¬ 
velopment  that  further  contribute  to 
national  output. 

§  341.21  Relationship  of  flood  control 
programs  to  national  economic  de¬ 
velopment  objective. 

A  variety  of  programs,  such  as  flood 
plain  management  (Including  flood  con¬ 
trol  and  prevention) ,  drainage,  reduction 
of  sedimentation,  land  stabilization  and 
erosion  control,  contribute  to  the  na¬ 
tional  economic  development  objective 
by  improving  the  net  productivity  of 
flood  prone  land  resources.  This  occurs 
either  by  a  direct  increase  in  total  out¬ 
put  or  by  reducing  the  costs  for  activities 
using  land  resources.  In  the  latter  case, 
the  resources  released  are  available  for 
use  elsewhere  in  the  economy  to  further 
increase  national  economic  output.  These 
programs  affect  land  resources  and  con¬ 
sequently  the  output  of  activities  in  the 
following  manner: 

(a)  Prevention  or  reduction  of  inimda- 
tion  arising  from  stream  overflow,  over¬ 
land  waterflow,  high  lakes  stages,  high 
tides,  and  prevention  of  damage  from 
inadequate  drainage. 

(b)  Prevention  or  reduction  of  soil  ero¬ 
sion,  including  sheet  erosion,  gullying, 
and  flood  plain  scouring;  streamback 
cutting,  shore  or  beach  erosion,  and  pre¬ 
vention  of  sedimentation. 

(c)  Removal  or  reductkm  of  limita¬ 
tions  on  uses  of  specified  land  resources. 


(d)  Adjustments  in  the  manner  and 
mode  of  flood  plain  use  in  recognition  of 
the  flood  hazard. 

§  341.22  General  benefit  standard  for 

national  economic  development. 

The  beneflt  standard  is  the  willing¬ 
ness  of  users  (benefiting  activities)  to 
pay  for  each  increment  of  output  from 
a  plan. 

(a)  Willingness  to  pay  determines  the 
values  of  the  Increase  in  output  from  a 
plan  where  total  value  is  defined  as  the 
willingness  of  users  to  pay  for  each  in¬ 
crement  of  output  from  a  plan.  The  out¬ 
put  of  flood  control  plans  is  the  increase 
in  the  productivity  of  land  or  the  re¬ 
duction  in  the  cost  of  using  land  re¬ 
sources.  When  users  are  producers,  will¬ 
ingness  to  pay  is  determined  by  the  dif¬ 
ference  in  net  Income  accruing  to  users 
of  land  resources  benefiting  from  the 
flood  control  plan  compared  wiUi  what 
the  users  would  earn  in  the  absence  of 
such  a  plan.  When  users  are  consumers 
(as  opposed  to  producers) ,  willingness  to 
pay  is  defined  as  the  difference  between 
the  cost  of  obtaining  a  site  of  equivalent 
value  in  an  alternative  manner  and  the 
cost  of  using  the  protected  flood  plain. 
If  the  additional  output  from  a  plan  is 
not  expected  to  have  a  significant  effect 
on  the  price  of  land  of  comparable  qual¬ 
ity  to  the  protected  site,  these  prices  may 
be  used  in  the  estimation  of  plan  bene¬ 
fits. 

(b)  Users.  Users  may  be  individuals, 
households,  landowners,  firms,  or  public 
entitles. 

(c)  Net  income.  Net  income  is  defined 
as  the  difference  between  the  value  (mar¬ 
ket  or  simulated)  of  output  (goods  or 
services)  and  the  cost  of  (excluding  land 
rent)  of  producing  the  output. 

(d)  Non-national  business  and  finan¬ 
cial  losses.  Losses  to  benefiting  commer¬ 
cial  activities  which  are  (xunpensated 
through  Increased  business  off  flood  plain 
are  not  naticmal  losses. 

(e)  Externalities  are  effects  on  parties 
other  than  users  of  ttie  outputs  of  a  plan. 
Flood  damages  may  result  from  a  plan 
beyond  the  area  it  is  designed  to  protect. 
When  plan  Induced  damages  occur  to 
non-protected  areas,  they  must  be  sub¬ 
tracted  from  the  benefits  to  the  protected 
area  when  calculating  final  beneflts  of 
a  plan. 

§  341.23  Application  general  benefit 
standards  to  flood  control  prograips. 

While  there  is  only  one  benefit  stand¬ 
ard,  there  are  three  beneflt  categories 
thereunder  reflecting  different  activity 
decisions  made  in  response  to  the  reduc¬ 
tion  of  flood  flows  or  hazards  which  re¬ 
sult  from  a  flood  control  plan;  namely: 

(a)  Inundation  reduction  benefit.  An 
activity  uses  the  flood  plain  exactly  the 
same  with  and  without  a  plan.  The  bene¬ 
fit  is  the  increase  in  net  Income  to  the 
flood  plain  activity.  For  activities  not  now 
on  the  flood  plain,  this  benefit  will  occur 
only  when  it  can  be  demonstrated  that 
the  activity  will  have  a  larger  net  income 
at  the  flood  plain  site  than  at  the  next 
most  efficient  available  alternative  site 
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(as  defined  In  $  341.3  of  this  part)  with¬ 
out  the  plan. 

(b)  Intensification  benefit.  A  c(»n- 
merclal,  Industrial  or  agricultural  activ¬ 
ity  on  the  flood  plain  modlfles  its  opera¬ 
tion  because  the  reduction  in  potential 
flood  damages  makes  it  profitable  to  do 
so.  The  benefit  is  the  Increased  net  in¬ 
come  to  the  activity  and  landowner  com¬ 
paring  the  current  and  previous  methods 
of  operation.  This  benefit  will  occur 
when  the  increased  output  can  be  pro¬ 
duced  most  efficiently  under  project  con¬ 
ditions  by  intenslfi^  operation  on  the 
existing  acreage  as  opposed  to  increasing 
production  elsewhere  or  bringing  new 
areas  into  production. 

(c)  Location  benefit.  An  activity  uses 
the  flood  plain  with  a  plan  but  not  with¬ 
out.  as  a  result  of  the  reduction  in  po¬ 
tential  flood  damages.  The  benefit  is  the 
difference  in  net  Income  to  the  new  ac¬ 
tivity  comparing  the  flood  plain  site  to 
the  alternative  off-flood  plain  site  which 
would  be  used  without  the  plan  less  the 
difference  in  net  income  for  the  activity 
displaced  by  the  new  activity. 

Subpart  C — Evaluation  Procedure 

§  341.30  Prerequisites  to  evaluation  pro* 

f^edure.  i 

The  following  provides  a  description 
of  those  elements  which  are  common 
to  a  consideration  of  all  flood  ccmtrol  in 
the  plan  formulation  and  evaluation 
process.  Special  consideration  shotild  be 
given  these  elements  during  the  study, 
and  they  should  be  described  in  the  final 
study  report. 

(a)  Description  of  flood  plain  manage¬ 
ment  plans.  A  flood  plain  management 
plan  is  a  strategy  contributing  to  appro¬ 
priate  use  of  flood  plains  principally  by 
reducing  potential  flood  damage.  Such 
plans  vill  normally  involve  a  combination 
of  measures,  regardless  of  sponsorship, 
for  modifying  flood  flows  and/or  reducing 
damage  susceptibility.  Each  specific  plan 
under  consideration  will  be  described  in 
that  portion  of  the  report  dealing  with 
evaluation  and  measurement. 

(b)  With  and  without  analysis.  Each 
plan  will  be  evaluated  under  strict  ad¬ 
herence  to  the  principle  of  with  and  with¬ 
out  analysis.  The  with  condition  will  be 
specific  in  terms  of  a  plan,  regardless  of 
spcmsorship  or  level  of  protection,  rather 
than  genei^  terms,  such  as  a  flood  con¬ 
trol  program.  The  without  condition  will 
be  defined  in  terms  of  what  is  most  likely 
to  occur  within  an  area  imder  evalua¬ 
tion  without  a  specific  plan.  The  four 
cases  that  follow  Illustrate  and  clarify 
the  appropriate  without  condition. 

(1)  No  alternative  action  in  the  ab¬ 
sence  of  a  Corps  plan  of  action.  In  this 
case,  the  appropriate  without  situation  is 
that  which  will  exist  in  the  absence  of 
any  Corps  action. 

(2)  Alternative  action  already  taken  by 
other  parties.  In  this  case  some  flood 
protection  has  already  been  provided. 
The  appropriate  without  situation  in¬ 
cludes  existing  flood  protection  but  with¬ 
out  further  action  by  the  Corps  or  any 
other  party. 

(3)  Alternative  action  is  anticipated 
to  be  taken  before  Corps  action.  In  this 


case,  the  a];H>roprlate  without  situation 
Includes  such  anticipated  protection  but 
without  further  action  by  the  Corps  or 
other  parties.  For  example,  flood  pro¬ 
tection  has  not  yet  been  provided  but 
there  are  assurances  that  it  will  be  pro¬ 
vided  before  a  Corps  plan  could  be 
started. 

(4)  Alternative  action  trill  be  taken  in 
the  absence  of  a  Corps  plan,  but  if  the 
Corps  undertakes  a  plan  no  alternative 
action  will  be  taken  by  other  parties.  In 
this  case,  the  appropriate  without  situ¬ 
ation  is  that  which  will  exist  in  the 
absence  of  action  by  any  party,  as  in  (b) 

(1)  of  this  section.  The  rationale  for  this 
is  that  in  formulating  plans,  evaluation 
of  available  alternatives  (structural, 
non-structural  and  mixed)  must  be 
undertaken.  Likewise  a  choice  must  be 
made  from  among  these  alternatives,  in¬ 
cluding  those  which  could  be  undertaken 
by  other  parties  in  the  absence  of  a  Corps 
project. 

(c)  Application  of  Flood  Disaster  Pro¬ 
tection  Act  to  with  and  without  condi¬ 
tions.  The  adoption  and  enforcement  of 
land  use  regulations  pursuant  to  the 
Flood  Disaster  Protection  Act  of  1973 
(Pub.  L.  93-234)  will  be  assumed,  both 
with  and  without  a  Corps  plan.  This  is 
to  insure  that  Corps  evaluation  proce¬ 
dures  conform  to  Federal  policy. 

(1)  Regulation  certified  or  near  certifi¬ 
cation.  Ihe  Corps  office  will  assure  Itself 
that  the  land  use  regulation  has  been 
or  will  be  certified  by  the  Flood  Insur¬ 
ance  Administration  (FIA)  as  adequate 
imder  24  CFR  1910.3(c)  and/or  (d)  and 
24  CFR  1910.5.  In  such  cases,  the  without 
conditions  are  developed  pursuant  to  the 
regulation.  Further  structural,  non- 
structural  and  mixed  alternatives  will  be 
considered  in  Corps  plan  formulation. 
The  with  condition  will  assume  a  zoning 
ordinance  compatible  with  the  without 
condition  ordinance  In  those  cases  where 
the  100  year  flood  is  not  contained  by  the 
Corps  plan.  Where  the  flood  is  contained, 
it  may  be  assumed  that  no  zoning  ordi¬ 
nance  will  be  in  effect.  This  is  consistent 
with  FIA  policy. 

(2)  Regulation  not  yet  certified.  It  will 
be  assumed  that  the  local  jurisdiction 
will  adopt  land  use  regulations  certifiable 
to  FIA  in  the  near  future  under  the  with¬ 
out  condition  as  a  datum,  and  for  the 
with  condition  when  a  residual  hazard 
will  remain.  This  applies  to  flood  plains 
regulated  pursuant  to  24  CFR  1910.3  (a) 
and  (b) ;  to  flood  plains  presently  regu¬ 
lated  by  local  ordinances  independent  of 
FIA;  and  to  flood  plains  with  no  flood 
regiilation  presently  in  effect.  The  regu¬ 
lation  assumed  will  include  the  following 
two  crucial  features:  No  further  develop¬ 
ment  of  the  flood  pl^in  unless  the  first 
floor  of  the  building  is  elevated  to  the 
100-year  level  for  residences  or  flood 
proofed  to  that  level  for  non-residences; 
and  no  occupancy  of  the  floodway  which 
when  taken  with  other  developments 
raises  the  height  of  the  100-year  flood 
by  greater  than  one  foot  anywhere  in  the 
flood  plain.  The  possibility  of  a  24  CFR 
1910.5  exemption  will  not  be  considered. 
In  those  cases  where  application  of  this 
sub-paragraph  results  in  significantly 
higher  benefits  to  the  Corps  plan  than 


would  be  the  case  under  an  assumption 
of  no  land  rise  regulations,  the  District 
will  report  this  finding  and  the  reasons 
therefore. 

(3)  Exceptions.  In  certain  cases  the 
prior  provisions  of  this  paragraph  will 
not  apply.  These  cases  will  involve  situa¬ 
tions  where  private,  non-federally  re¬ 
lated  financing  of  future  development  is 
likely.  Such  cases  will  be  extremely  rare 
and  should  be  fully  supported  in  the  re¬ 
port  by  an  adequate  explanation  of  the 
unusual  circumstances. 

(4)  Other  applications.  The  lmpa<^  of 
Pub.  L.  93-234  on  evaluation  has  not  been 
fully  determined.  The  use  of  reduction  in 
premium  rates  as  a  benefit  category  is  an 
example.  For  the  time  being,  no  further 
changes  in  evaluation  procedure  will  be 
made. 

(d)  Economic  rationality.  The  with 
and  without  conditions  are  defined  as 
those  which  are  most  likely  to  occur 
under  each  condlticm.  However,  for  pur¬ 
poses  of  evaluating  structural  compo¬ 
nents  of  a  plan  economic  rationality  will 
be  assumed.  (This  assiunptlon  is  neces¬ 
sary  since  it  is  contrary  to  Corps  policy 
to  encourage  or  perpetuate  irrational 
flood  plain  use.)  Economic  rationality  as- 
siunes  that  activities  attempt  to  maxi¬ 
mize  returns,  have  full  knowledge  of  the 
flood  hazard,  and  will  not  externalize 
their  flood  losses.  For  those  flood  plains 
where  a  local  zoning  ordinance  forms 
part  of  the  with  and  without  conditions, 
the  basic  test  of  economic  rationality  for 
occupancy  is:  Do  the  advantages  of  the 
flood  plain  exceed  the  (X)st  of  comparing 
with  the  zoning  ordinance  plus  remain¬ 
ing  flood  losses?  For  the  few  other  flood 
plains,  the  basic  test  for  occupancy  is: 
Do  the  advantages  of  the  flood  plain  ex¬ 
ceed  the  expected  flood  damages  or  the 
cost  of  flood-proofing  plus  remaining 
flood  losses,  whichever  is  less? 

(e)  Base  Year  Definition.  The  base 
year  is  defined  as  the  first  year  in  which 
the  recommended  plan  is  expected  to  be 
operational.  The  choice  of  the  base  year 
should  allow  for  the  practical  minimum 
time  required  for  authorization,  limding, 
construction  and/or  implementation, 
with  no  attempt  made  to  account  for 
unforeseen  delays  or  unusual  expediting 
in  any  procedural  phase.  The  selection 
of  the  base  year  should  be  estimated  on 
as  realistic  a  basis  as  possible;  the  fol¬ 
lowing  is  recommended  as  a  guide: 

Procedural  phase  Time  allowance 

Submission  of  foasl-  2  years 
bility  report  to  date 
of  plan  authoriza¬ 
tion. 

Plan  authorization  to  2  years 
date  of  receipt  of 
initial  construction 
or  implementation 
funds. 

Receipt  of  Initial  Variable  depending 
funds  to  date  plan  upon  scope  and 
becomes  operational.  complexity  of  the 
plan;  shall  be 
identical  to  period 
during  which  in¬ 
terest  during  con- 
struction  is 
charged  under 
current  directives. 
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(f)  Period  of  analysis.  The  period  of 
analysis  is  100  years  for  major  reservolrai 
major  long-term  urban  protection  and 
main-line  levees.  It  is  50  years  for  all 
other  flood  control  measures.  The  period 
of  analj’sis  is  the  time  horizon  over  which 
needs  shall  be  assessed  and  is  the  basis 
for  the  NED  benefit-cost  ratio. 

(g)  Amortization.  Benefits  and  costs 
for  each  flood  plain  management  plan 
shall  be  brought  to  present  worth  as  of 
the  base  year  and  amortized  for  50  and 
100  year  periods.  Projections  beyond  50 
years  are  difficult  to  support.  Therefore, 
neither  increases  or  decreases  in  flood 
control  benefits  for  project  years  50  to 
100  will  be  assiuned  or  accepted. 

(h)  Benefit  display.  Benefits  shall  be 
displayed  in  undiscoimted  average  an¬ 
nual  values  for  the  current  year,  the  base 
year,  and  by  decade  thereaiter.  Account 
will  be  taken  of  projected  hydrologic, 
demographic,  and  economic  changes.  Av¬ 
erage  future  hydrologic  conditions  shall 
not  be  used. 

(i)  Price  levels.  Benefits  and  costs  shall 
be  evaluated  under  prices  existing  at  the 
time  of  submission  of  the  report  to  OCE. 

In  the  case  of  agriculture,  apply  Water 
Resources  Council  (WRC)  Guideline  #2, 
Agricultural  Price  Standards  for  Water 
and  Related  Land  Resources  Planning, 
Feb.  1974,  and  subsequent  revisions,  for 
all  projects  covered  by  the  Principles 
and  Standards  and  related  guidance. 

§  341.31  Evaluation  {Hwednre. 

There  are  five  major  steps  necessary 
to  evaluate  a  flood  plain  management 
plan.  These  flve  steps  are;  Delineation  of 
affected  area;  projection  of  anticipated 
activities  within  the  affected  area;  esti¬ 
mation  of  land  use  demand;  determina¬ 
tion  of  flood  plain  characteristics;  and 
projection  of  land  use.  The  level  of  detail 
and  presentation  of  each  step  will  vary 
with  the  area  being  studied  and  should 
be  based  upon  the  criteria  of  whether 
plan  formulation  or  evaluation  are  af¬ 
fected.  For  example,  a  stable  economic 
setting,  where  existing  damages  justify 
or  nearly  justify  the  proposed  plan,  will 
normally  require  less  detail  in  assessing 
future  benefits  than  a  plan  justified  pri¬ 
marily  on  future  conditions. 

(a)  Delineation  of  affected  area.  The 
area  affected  by  a  proposed  plan  consists 
of  the  flood  plain  plus  all  other  areas 
likely  to  serve  as  alternative  sites  for  any 
activity  which  ml^t  use  the  flood  plain 
if  it  were  protected.  A  functional  ap¬ 
proach  to  delineating  the  affected  area 
requires  obtaining  insight  as  to  potential 
future  uses  of  the  flood  plain.  There  are 
several  methods  of  accomplishing  this, 
such  as  simply  observing  current  uses  of 
the  flood  plain,  holding  public  hearings, 
reviewing  local  plans,  consulting  influ¬ 
ential  citizens,  community  officials,  pri¬ 
vate  firms  and  utility  companies,  review¬ 
ing  economic  base  studies.  Standard  Met¬ 
ropolitan  Statistical  Areas  (SMSA)  and 
other  large  area  studies.  Potential  future 
uses  should  first  be  specified  by  broad 
categories  including:  Industrial  (manu¬ 
facturing)  ,  commercial,  residential,  open 
space,  recreation,  agriculture  and  other. 


Working  circumferentially  from  the  flood 
Idain,  alternative  available  areas  for  each 
such  use  must  be  specified.  Sufficient  area 
must  be  included  to  Insure  that  the  stl- 
fected  area  is  large  enough  to  accommo¬ 
date  at  least  these  major  categories  of 
potential  future  use.  When  the  potential 
use  of  the  flood  plain  includes  industrial 
use  within  an  SMSA,  the  entire  SMSA  is 
the  affected  area;  for  residential  use. 
even  within  an  SMSA,  a  much  smaller 
area  may  be  envisioned.  In  the  case  of 
agricultiue,  it  is  normally  sufficient  to 
specify  alternative  areas  in  more  general 
terms. 

(b)  .Projection  of  anticipated  activities 
within  the  affected  area.  Projections  of 
demographic  and  economic  activity 
within  the  affected  area  are  seldom  in¬ 
fluenced,  in  the  aggregate,  by  a  plan  for 
flood  control.  A  single  set  of  projections 
should  be  developed,  therefore,  to  serve 
as  a  basis  for  the  entire  analysis.  Excep¬ 
tions  to  the  genersd  rule  will  be  supported 
by  a  special  explanation  of  why  a  plan  is 
likely  to  cause  a  different  level  of  aggre¬ 
gate  activity.  Economic  and  demographic 
projections  should  be  made  for  at  least 
the  following  characteristics:  Popula¬ 
tion,  personal  income,  manufacturing 
employment  and  output,  and  agrlcultuAl 
output.  For  any  given  area,  additional 
projections  may  be  necessary  depending 
upon  the  potential  uses  of  the  flood  plain 
and  the  sensitivity  of  the  plan  to  these 
projections.  Projections  should  be  made 
for  the  planning  period  (normally  50 
years  from  the  base  year)  at  least  by  10 
year  increments.  Demographic  projec¬ 
tions  should  be  based  upon  historical 
trends  for  the  affected  area,  iu}on  larger 
area  trends  or  projections  such  as  those 
put  out  by  the  Office  of  Business  Eco¬ 
nomics,  UB.  Department  of  Commerce 
and  the  Economic  Research  Service,  U.S. 
Department  of  Agriculture  (OBEBS), 
and  upon  local  mast^  ]4ans  and  projec¬ 
tions.  However,  growth  in  the  flxxKi  plain 
is  not  likely  to  be  the  same  as  for  larger 
areas.  The  influence  of  {q^pUcable  con¬ 
straints  such  as  quality  of  land  available, 
environmental  Impact  and  local  zoning 
ordinances  must  be  made  explicit  in  the 
analysis. 

(c)  Estimation  of  land  use  demand. 
Land  use  demand  within  the  affected 
area  is  obtained  by  converting  demo¬ 
graphic  projections  (e.g.,  population)  to 
acres.  Such  conversion  factors  will  nor¬ 
mally  be  derived  from  published  second¬ 
ary  sources,  from  Corps  studies  of  similar 
areas,  or  frcxn  empirical  data  available 
in  the  affected  area.  The  categories  of 
land  use  demand  should  be  only  as  de¬ 
tailed  as  is  necessary  to  reflect  the  inci¬ 
dence  of  the  flood  hazard  and  to  estab¬ 
lish  the  benefits  derived  from  a  plan.  For 
example,  if  the  affected  area  has  con¬ 
siderable  potential  for  high-rise  apart¬ 
ments,  then  the  population  projection 
should  be  carefully  converted  to  acres 
which  include  high-rise  densities  factors. 
Conversely,  where  residential  use  is 
small,  detailed  analysis  of  the  residential 
sector  is  of  lesser  importance. 

(d)  Determination  of  flood  plain  char¬ 
acteristics.  The  existl^  characteristics 
of  the  flood  plain  must  be  d^ineated  be¬ 


fore  it  is  possible  to  determine  its  poten¬ 
tial  uses.  Therefore,  an  inventory  of  the 
flood  plain  will  be  imdertaken  in  order 
to  determine  those  characteristics  which 
make  it  attractive  or  unattractive  for  the 
land  use  demands  established  in  para¬ 
graph  c  of  this  section.  Emphasis  will  be 
placed  upon  those  characteristics  which 
which  distinguish  the  flood  plain  from 
other  portions  of  the  affected  area.  The 
following  categorization  should  be  used 
as  a  gmde. 

(1)  Inherent  characteristics  of  a  flood 
plain.  All  or  most  flood  plains  ^ve  the 
following  characteristics:  Flooding; 
^fioodway,  natural  storage;  open  space, 
'recreation,  wildlife,  wetlands;  transpor¬ 
tation;  and  other. 

(i)  Flooding.  A  description  of  the  flood 
situation  will  be  presented,  including  a 
designation  of  high  hazard  areas.  This 
description  will  include  the  character¬ 
istics  of  the  flooding  such  as  depths,  ve¬ 
locity,  duration,  debris  contmt,  area 
flooded  by  flood  of  selected  frequencies, 
including  100  year  frequency,  historical 
floods  •  and  Standard  Project  Flood 
(SPF).  See  also  §  341.41(c)  (1)  of  this 
part. 

(il)  Floodway.  natural  storage.  A  de¬ 
scription  and  delineation  of  those  areas 
which,  if  urbanized  or  structurally  pro¬ 
tected,  would  affect  natural  storage, 
velocity  or  stage,  or  in  any  way  affect 
flood  flows  elsewhere  will  be  presented. 

(lii)  Open  space,  recreation,  wildlife, 
wetlands.  Many  flood  plains  are  potential 
recreatlmi,  open  space,  wetland,  or  wild¬ 
life  preserves,  particularly  those  proxi¬ 
mate  to  an  urban  area.  The  potential  of 
the  flood  plain  for  these  purposes  must 
be  recognized  and  presented. 

(iv)  TroTWportafion.  Flood  plains  near 
navigable  streams  have  Inherent  attrac¬ 
tiveness  for  industries  which  demand 
water-oriented  transportatiwi.  Flood 
plains  also  often  serve  as  sites  for  rail¬ 
roads.  highways,  pipelines,  and  rtiated 
facilities  which  are  not  susceptible  to 
serious  flood  damage  yet  tend  to  attract 
industry  to  the  area, 

(v)  Other  attributes.  Other  inherent 
attributes  include:  Soil  fertility,  reliabil¬ 
ity  of  water  supply,  waste  disposal,  sand, 
mineral  and  gravel  deposits. 

(2)  Physical  characteristics.  The  ex¬ 
istence  of  certain  physical  characteristics 
may  effectively  preclude  use  by  some  ac¬ 
tivities  likely  to  compete  for  flood  plain 
land.  For  example,  it  may  not  be  fesksible 
for  certain  types  of  heavy  manufactur¬ 
ing  activity  to  locate  in  areas  possessing 
unfavorable  soil  foundation  character¬ 
istics.  Therefore  pertinent  physical  char¬ 
acteristics  should  be  described,  includ¬ 
ing  slope,  soli  types,  water  table,  among 
others. 

(3)  Available  services.  Most  activities 
require  some  or  all  of  the  following 
services:  Transportation  facilities  (high¬ 
ways  and  rail) ,  power,  sewerage,  water, 
availability  of  labor  force,  and  the  like. 
The  availability  oi  such  services  in  or 
near  the  flood  plain  will  be  indicated,  in¬ 
cluding  comparisons  with  other  portions 
of  the  affected  area.  Future  planned 
services  for  the  affected  area  will  also  be 
presented. 
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(4)  Existing  activities.  The  inventory 
of  the  flood  plain  will  include  a  list  of 
existing  activities,  the  nvunber  of  acres 
and  density  of  each.  The  total  acreage  of 
the  flood  plain  should  thus  be  accounted 
for;  vacant  or  unused  acreage  should  be 
separately  categorized. 

(e)  Projection  of  land  use.  Given  the 
existing  characteristics  of  the  flood  plain 
and  the  remainder  of  the  affected  area 
previously  designated,  land  use  demand 
must  be  allocated  to  flood  plain  and  non¬ 
flood  plain  lands,  with  and  without  each 
specific  flood  plain  management  plan. 

(1)  Baste  factors.  The  allocation  shall 
be  based  upon  a  comparison  of  three  sets 
of  factors.  These  are;  (i)  The  flood 
plain  characteristics;  (ii)  the  character¬ 
istics  sought  by  potential  occupants;  and 
(iil)  the  availability  of  sought-after 
characteristics  in  the  non-flood  plain 
portions  of  the  affected  area. 

(2)  Criteria.  The  principle  of  economic 
rationality  shall  be  applied.  The  flood 
plain  will  not  be  used  iinless  it  possesses 
characteristics  which  give  it  a  significant 
economic  advantage  over  all  other  avail¬ 
able  sites  within  the  affected  area.  If  such 
advantages  exist,  the  analyst  must  de¬ 
termine  whether  they  overcome  potential 
flood  losses.  Flood  losses  include  those  to 
the  benefiting  activity  and  to  those  ad¬ 
ditional  activities  induced  to  use  the  flood 
plain;  e.g.,  residential  use,  induced 
neighborhood  commercial  and  public  fa¬ 
cilities.  Flood  losses  will  be  specific  to  the 
zone  of  the  flood  plain  being  considered. 

A  zone  is  delineated  by  frequency  of 
flooding,  (See  §  341.13,  “Exceedence 
Frequency”  of  this  part),  under  “with¬ 
out  plan”  conditions,  from  which  the 
Incidence  of  all  benefits  shall  be  speci¬ 
fied.  This  should  include  flood  magni¬ 
tudes  with  exceedence  intervals  of  25,  50, 
100  years,  the  standard  project  flood  and 
the  design  flood. 

(3)  Procedure.  A  consistent  procedure 
will  be  applied  to  every  plan  and  pro¬ 
tection  level  under  consideration,  and  to 
the  vdthout  plan  condition.  The  appro¬ 
priate  procedure  is: 

(1)  Determine  whether  future  benefits 
are  likely  to  affect  the  design,  formula¬ 
tion  or  justification  of  a  flood  plain  man¬ 
agement  strategy.  If  so,  proceed  to  next 
step. 

(il)  Eliminate  all  uses  for  which  the 
flood  plain  offers  no  advantages  and  all 
activities  which  cannot  tolerate  flooding 
or  flooding  of  a  certain  type  (e.g.,  high 
velocity) . 

(iii)  For  uses  attracted  to  the  flood 
plain,  a  list  of  advantages  in  comparison 
to  alternative  sites  in  the  affected  area 
will  be  presented.  For  each  advantage, 
the  analyst  will  indicate  the  importance 
of  the  advantage  in  location  choice  (e.g., 
essential,  important,  desirable,  or  of 
marginal  advantage).  Special  attention 
should  be  paid  to  minimum  characteris¬ 
tic  requirements  of  each  activity  type 
(e.g.,  ground  surface  slope  may  not  ex¬ 
ceed  15  percent  for  “X”  activity  type). 
Where  applicable,  the  advantage  will  be 
explicitly  quantified. 

(iv)  For  advantaged  uses,  an  estimate 
of  potential  flood  losses  should  be  pre- 


RULES  AND  REGULATIONS 

sented.  Often  economic  losses  are  mini¬ 
mal;  e.g.,  green  belts,  municipal  parks, 
game  refuge  or  the  use  of  simple  open 
space.  In  such  cases,  continued  flood 
plain  use  may  be  assumed.  Often  a  high 
level  of  protection  will  reduce  potential 
losses  for  any  activity  in  all  areas  of  the 
flood  plain  to  negli^ble  amounts.  In  such 
cases,  those  activities  for  which  there  is 
a  maximiun  absolute  advantage  will  use 
the  flood  plain. 

(v)  The  advantages  of  the  flood  plain 
to  related  flood  hazard  will  be  compared 
in  order  to  detennine  whether,  for  low 
levels  of  protection  or  under  the  without 
condition,  the  advantages  exceed  the  po¬ 
tential  flood  losses.  Historical  experience 
in  the  flood  plain  or  in  nearby  or  similar 
flood  plains;  the  ratio  of  losses  to  ap¬ 
proximate  net  retmns  or  capital  invest¬ 
ment;  guidelines  by  Federal  and  private 
lending  authorities;  local  master  plans 
which  explicitly  take  flood  hazards  into 
account;  WRC  guidelines;  residential  in¬ 
terviews;  and  business  interviews  are  all 
methods  by  which  such  a  determination 
can  be  made  short  of  detailed  quantifica¬ 
tion. 

§  341.32  Irrational  use. 

While  allocation  of  land  use  will  pro¬ 
ceed  under  the  assumption  of  economic 
rationality,  there  will  be  Instances  where 
occupancy  of  flood  plains  in  the  general 
area  exists,  but  is  not  s^parently  ra¬ 
tional;  e.g.,  single  family  residential  use 
in  frequently  flooded  areas.  This  should 
be  confirmed  in  several  ways.  One  is  by 
direct  interview  of  occupants;  e.g.,  did 
the  occupant  know  he  was  in  a  flood 
plain?  What  degree  of  hazard  did  he 
anticipate?  Another  is  by  discussion  with 
local  authorities.  A  third  is  by  observing 
historical  occupancy  and  sequence  of 
development  to  determine  whether  high 
hazard  flood  plain  occupancy  is  common. 
If  deliberate  high  hazard  occupancy  is 
observed,  the  location  decision  may  be 
assiuned  to  be  rational.  Once  the  exist¬ 
ence  of  irrational  use  is  verified,  and  the 
prc^ble  increased  future  irrational  use 
confirmed,  the  report  should  (a)  base  fu¬ 
ture  benefits  to  structural  protection  only 
on  rational  use,  (b)  if  possible,  assist  the 
local  entity  in  devising  sound  regula¬ 
tory  ordinances  to  prevent  continued  ir¬ 
rational  use,  and  (c)  claim  the  preven¬ 
tion  of  irrational  use  as  a  benefit  to  such 
regulation,  flood  plain  information,  land 
purchase  and  other  similar  non-struc- 
tural  plans  or  plan  components. 

§  341.33  Presentation. 

For  the  recommended  plan  and  for  the 
without  condition,  there  should  be  pre¬ 
sented  a  map  or  other  graphic  display 
clearly  indicating  existing  and  projected 
land  use  for  the  affected  area,  with  ap¬ 
propriate  exceedence  intervals  as  indi¬ 
cated  in  1341.31(e)(2)  of  this  part. 

Subpart  D — Benefit  Measurement 

§  341.40  Characteristics  of  flood  plain 
management  benefits. 

The  use  of  a  flood  plain  is  likely  to 
change  even  in  the  absence  of  a  flood 
plain  management  plan.  Ihis  change 
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may  result  in  an  increase  or  decrease 
of  economic  activity.  A  benefit  accrues 
by  reducing  or  modifying  the  flood  haz¬ 
ard  to  such  economic  activity.  This  bene¬ 
fit  is  referred  to  as  an  “inundation  reduc¬ 
tion  benefit.”  In  addition,  activities  which 
would  vise  the  flood  plain  even  without 
a  project  may  be  encouraged  to  intensify 
their  use  because  of  a  plan  (e.g.,  where 
a  shift  from  lower  to  higher  value  crops 
occurs).  This  is  referred  to  as  an  “in¬ 
tensification  benefit.”  Finally,  a  plan  may 
Induce  new  economic  activity  into  the 
flood  plain  (e.g.,  where  a  shift  from 
agricultural  to  industrial  use  occurs). 
This  benefit  is  referred  to  as  a  “location 
benefit”. 

§  341.41  Flood  damages  without  project. 

The  determination  of  the  level  of  ex¬ 
isting  and  future  flood  damages  without 
a  plan  leads  directly  to  computation  of 
til-  inundation  reduction  benefit. 

(a)  Types  of  flood  damage.  Flood  dam¬ 
ages  can  be  classified  as  physical  dam¬ 
ages  or  losses,  emergency  costs,  and  busi¬ 
ness  or  financial  losses.  Each  activity  af¬ 
fected  by  a  flood  experiences  losses  in 
one  or  more  of  these  classes.  Such  clas¬ 
sification  assists  in  identifying  and  eval¬ 
uating  the  losses  and  in  relating  varia¬ 
tions  in  their  magnitude  to  the  range  of 
flood  conditions  expected  with  and  with¬ 
out  the  project. 

(1)  Physical  damages  include  the 
damages  to  or  loss  of  buildings  or  parts 
thereof;  loss  of  cimtents,  including  fur¬ 
nishing,  equipment,  decorations,  stock 
of  raw  materials,  materials  in  process 
and  completed  products;  cost  of  cleanup; 
loss  of  roads,  sewers,  bridges,  power  lines, 
and  so  forth. 

(2)  Business  and  financial  losses  in¬ 
clude  the  various  economic  losses'  other 
than  direct  physical  damages  and  emer¬ 
gency  costs  resulting  from  a  flood,  such 
as  net  loss  of  normal  profits  and  return 
to  capital,  labor  and  management  in 
the  readily  identifiable  zone  of  flood  in¬ 
fluence.  Such  losses  bear  no  consistent 
relation  to  physical  damages  and  must  be 
derived  from  specific  independent  eco¬ 
nomic  data  for  the  interests  and  proper¬ 
ties  affected.  To  the  extent  that  such 
losses  cannot  be  compensated  by  post¬ 
ponement  of  an  activity  or  through 
transfer  of  the  activity  to  business  es¬ 
tablishments  not  affected,  prevention  of 
such  loss  results  in  a  contributiem  to  na¬ 
tional  economic  development. 

(3)  Emergency  costs  will  include  those 
additional  expenses  resulting  from  a 
flood  that  would  not  otherwise  be  in¬ 
curred,  such  as  evacuation  and  reoccu¬ 
pation,  flood  fighting,  disaster  relief,  in¬ 
creased  expense  of  normal  operations 
during  the  flood,  increased  costs  of  police, 
fire  or  military  patrol,  and  abnormal 
depreciation.  Emergency  costs  should  be 
determined  by  specific  survey  or  research 
and  may  not  be  estimated  by  applying 
arbitrary  percentages  to  the  physical 
damage  estimates. 

(b)  Existing  flood  damages  without 
project.  Existing  flood  damages  are  po¬ 
tential  average  annual  damages  to  ac¬ 
tivities  affected  by  flooding  at  the  time 
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the  study  is  completed.  Existing  damages 
are  those  either  expressed  for  a  given 
magnitude  of  flooding  or  as  computed  in 
the  damage  frequency  process.  No  projec¬ 
tion  is  involved.  The  basis  for  the  deter¬ 
mination  of  existing  damages  shall 
losses  actually  sustained  in  historical 
floods.  Therefore,  the  analyst  should 
specify  the  year  and  month  for  all  signifi¬ 
cant  discharges  above  zero  [>oint  of 
damage  and  indicate  damages  actually 
sustained  by  reach  or  zone  and  type  of 
property  and  activity.  Data  on  historical 
flood  losses  must  be  supplemented  by  ap¬ 
praisals  and  an  inventory  of  the  capital 
investment  (including  structures  and 
contents)  within  the  flood  plain.  Esti¬ 
mates  of  damages  imder  existing  condi¬ 
tions  for  floods  of  magnitude  which  have 
not  historically  occurred  must  be  com¬ 
puted.  Average  annual  losses  will  be  esti¬ 
mated  by  xising  standard  damage-fre¬ 
quency  integration  tecluilques. 

(c)  Future  flood  damages  without 
“project.  These  are  damages  to  economic 
activities  which  are  expected  to  use  the 
flood  plain  in  the  future  in  the  absence 
of  a  plan.  Future  includes  any  time  pe¬ 
riod  after  the  year  in  which  the  study 
is  submitted  to  (XIE.  In  order  to  ulti¬ 
mately  relate  costs  to  benefits,  however, 
future  damages  must  be  discounted  to 
the  base  year. 

(1)  Hydrologic  changes.  Changes  in 
basin  land  use  may  result  in  major  al¬ 
teration  of  the  drainage  characteristics, 
particularly  surface  rim-ofl;  such  hy¬ 
drologic  changes  must  be  projected  for 
the  planning  period.  Averaige  future  hy¬ 
drologic  conditions  shall  not  be  used; 
such  techniques  obscure  situations  where 
a  project  level  of  protection  may  be  to¬ 
tally  unacceptable  by  the  end  of  the 
planning  period. 

(2)  Economic  changes.  Economic 
changes  can  be  expected  to  result  in  a 
change  in  the  level  of  flood  losses  in  the 
future.  The  following  three  paragraphs 
discuss  the  projection  of  future  flood 
damages.  The  level  of  detail  in  project¬ 
ing  future  flood  losses  should  ^  based 
on  the  effect  of  the  analysis  on  plan 
formulation  and  evaluation.  A  benefit- 
cost  ratio  for  existing  condition  will  al¬ 
ways  be  shown.  If  it  is  greater  than  unity, 
the  projection  of  future  benefits  may  be 
accomplished  in  abbreviated  form,  un¬ 
less  it  would  distort  the  comparison  of 
alternatives  or  the  cost  allocation  and 
cost  sharing  in  multiple  purpose  proj¬ 
ects.  In  the  latter  situation  the  detsiil 
and  accuracy  of  the  estimates  of  flood 
control  benefits  should  be  comparable 
to  benefit  estimates  for  other  purposes 
(e.g.,  water  supply) . 

§  341.42  Measurement  and  projeetion 
of  physieal  flood  losses. 

Measurement  and  projection  of  flood 
damages  must  be  based  upon  the  estab¬ 
lishment  of  actual,  observed  relation¬ 
ships  between  damages,  flood  character¬ 
istics,  and  those  indicators  used  for 
measurement  and  projectiwi.  Thus,  pro¬ 
jections  of  flood  damages  should  be  made 
on  the  basis  of  tiie  actual  regression  co- 
efBcients  as  modified  by  consideration  of 


constraints  which  change  the  histori¬ 
cally  derived  relatloncdiip  between  flood 
damages  and  a  given  Independent  vari¬ 
able.  Basically,  damages  are  a  ftmctlon 
of  the  number  and  value  each  physi¬ 
cal  unit  of  property  in  the  flood  plain 
adjusted  for  the  damage  susceptibility 
at  each  stage  of  flooding.  All  of  these 
interrelationships  must  not  only  be  made 
explicit  in  the  analysis,  but  their  accu¬ 
racy  and  representativeness  supported 
by  empirical  evidence.  There  are  three 
steps  to  be  used  in  measuring  flood  dam¬ 
ages  for  a  future  year:  Estimating  the 
number  and  size  of  physical  units;  esti¬ 
mating  the  future  value  of  units;  and 
determining  damage  susceptibility  of 
units. 

(a)  Physical  units.  The  first  step  in 
measuring  flood  damages  for  a  future 
year,  is  to  determine  from  the  land  use 
analyses  the  number  and  size  of  physi¬ 
cal  units  in  the  flood  plain  by  hsizard 
zones  for  each  of  the  following 
categories: 

(1)  Residential.  The  number  of  physi¬ 
cal  units  can  be  obtained  by  relating  the 
number  of  acres  to  density,  persons  per 
dwelling  unit  and  similar  ratios.  These 
ratios  can  be  expected  to  change  over 
time;  however,  major  shifts  would  be 
improbable.  Several  ratios  should  be 
tried  to  test  for  consistency,  accuracy  suid 
sensitivity  of  any  one  estimate.  Extreme 
care  must  be  taken  to  subdivide  the  resi¬ 
dential  category  into  single  fami^  and 
mutliple  dwelling  units  since  damage  per 
unit  of  value  vary  widely  for  each.  Mul¬ 
tiple  dwelling  imits  should  be  further 
subdivided;  e.g.,  into  high  rises,  garden 
apartments,  and  low  density  multiple. 
Single  family  residences  should  be  clas¬ 
sified  as  conventional  or  mobile  home 
units.  Type  of  construction  is  also  im¬ 
portant,  as  discussed  below  under  dam¬ 
age  susceptibility. 

(2)  Commercial.  The  number  of  com¬ 
mercial  establishments  can  be  estimated 
by  relating  sales  to  population,  output 
to  sales,  acres  to  output,  square  footage 
to  gross  sales,  or  by  a  similar  technique. 
Again,  extreme  care  must  be  taken  to 
subdivide  commercial  categories;  e.g.,  re¬ 
tail,  wholesale,  warehouse,  professional 
and  administrative,  highway  commer¬ 
cial,  and  other  ^propriate  subcategories 
affecting  the  value  and  damage  suscep- 
tibUity  of  the  physical  iinit.  A  causal  re¬ 
lationship  must  be  demonstrated  between 
t’.e  actirity  projected  (e.g.,  warehouse), 
and  the  independent  variable  (e.g.,  man¬ 
ufacturing  output  within  affected  area) . 
The  interdependence  between  com¬ 
mercial  activity  and  related  socio-eco¬ 
nomic  indicators  should  be  closely 
checked  for  consistency  and  dependabil¬ 
ity. 

(3)  Industrial.  The  number  of  indus¬ 
trial  establishments  is  estimated  less 
readily  than  commercial  or  residentiaL 
This  is  because  broad  regional  or  nation¬ 
al  needs  will  usually  dictate  the  demand 
for  most  Industrial  products.  It  is  not 
reasonable  to  assume  that  the  aggregate 
industrial  output  of  an  affected  area  win 
be  influenced  by  a  flood  control  program. 
However,  the  location  of  these  activities 


within  the  area  could  easily  be  affected. 
IXrect  interviewing  of  existing  industries 
Mul  consultation  with  a  responsible  land 
use  planning  mtlty  as  to  possible  shifts 
in  industrial  location  patterns  is  usually 
feasible  due  to  the  relatively  small  num¬ 
ber  of  industries  likely  to  occupy  a  given 
flood  pisin.  Indices  of  physical  units 
which  may  be  appropriate  include  capital 
to  output  ratios,'  output  per  employee, 
sales  to  output  ratio,  capital  investment 
per  imlt  of  output,  value  added  per 
gross  sales,  and  rolling  stock  per  ton- 
mile.  Land  available  for  industry  as  indi¬ 
cated  by  local  zeming  and  land  use  plans 
may  act  as  a  constraint  upon  develop¬ 
ment  but  does  not  determine  the  amount 
of  industry  which  will  locate  in  the  flood 
plain.  Recognized  projections  such  as 
OBERS,  McGraw-Hill,  NaUonal  Plan¬ 
ning  Association,  the  Federal  Reserve, 
and  Resources  in  America’s  Future, 
among  others,  should  also  be  utilized. 

(4)  Public  facilities.  These  cover  a  wide 
range  of  different  types  of  physical  imits; 
e.g.,  roads  and  bridges,  schools,  gov¬ 
ernment  offices,  sewage  treatment  facili¬ 
ties,  water  treatment  plants,  and  parks. 
Many  of  these  can  be  projected  in  the 
future  by  determining  ph3rsical  require¬ 
ments  as  a  function  of  the  population 
and  industrial  mix  of  the  affected  area. 
It  is  noted  that  some  types  of  public  fa¬ 
culties,  such  as  streets  and  schools  wUl 
increase  virtuaUy  in  direct  pregwrtion  to 
population.  Other  types,  such  as  Junior 
coUeges,  wiU  appear  for  the  first  time 
only  when  a  high  regicmal  population 
density  is  reached.  Other  types  of  public 
facUities  do  not  vary  with  the  p<g>ula- 
tion  of  the  local  surea  but  rather  with 
regional  or  national  demands;  e.g.,  ma¬ 
jor  freeways,  state  office  buildings,  and 
major  universitiea  As  with  the  Industrial 
category,  maximum  use  should  be  made 
of  accepted  published  projections,  direct 
Interviews  and  established  land  use  plans. 

(5)  Agriculture.  Acres  of  land  under 
production,  types  of  crops,  and  changes 
in  yields  per  acre  are  the  principal  physi¬ 
cal  units  of  agricultural  measurement.  As 
a  rule  physical  structures  on  agricultural 
lands  are  limited  to  farmhouses,  bams, 
and  related  buildings.  The  number  is 
generally  a  function  of  farm  t3)pe  and 
size.  Estimates  of  physical  equipment, 
such  as  Irrigation  equipment,  and  trac¬ 
tors,  in  the  flood  idain  may  be  based 
upon  regional  characteristics  and  trrads 
in  farm  capital/output  ratios  or  farm 
capital/land  ratios  as  well  as  modd  farm 
data.  Capital  equipment  for  agricultural 
production  is  often  mobile  and  can  be 
removed  from  the  hazard  of  most  floods. 
Farm  residence  and  personal  propierty 
can  also  be  advantageously  located  out¬ 
side  of  the  flood  plain  in  many  Instances. 
Information  specifying  the  types  of  agri¬ 
cultural  damages  is  to  be  displayed.  Ad¬ 
ditional  information  should  be  included 
to  provide  details  on  the  time  of  year 
and  the  stage  of  the  growing  cycle  in  or¬ 
der  that  the  origin  of  the  flood  damages 
associated  with  each  of  the  historical 
floods  can  be  explained. 

(b)  Value  per  physical  unit.  (Not  avail¬ 
able  at  this  time.) 
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(c)  Damage  susceptibtitty.  Oxioe  the 
nund>er  of  physical  iinits  and  the  value 
associated  with  each  unit  are  known, 
damage  susceptibility  rdatfamsfalps  must 
be  established  as  a  functkm  of  total  value 
of  each  physical  unit  and  the  flood  char¬ 
acteristics  (d  the  stream,  such  as  velocity, 
d^th.  duration,  volume,  debris  control 
and  salinity.  Some  of  the  determinates 
of  damage  susceptibility  are: 

(1)  Location  within  the  flood  plain.  An 
Industry  located  between  the  50  and  100 
exceedence  Interval  of  a  flood  plain  is  less 
flood  pixme  than  the  same  one  located 
within  the  flfteen  year  flood  plain. 

(2)  Type  of  acUvity.  Certain  types  of 
activity  are  more  susceptible  to  damages 
than  others.  For  example,  single  family 
residences  usually  sustain  greater  dam¬ 
age  per  imlt  value  than  high-rises.  An¬ 
other  example  Is  In  comparison  of  dam¬ 
age  to  crops  and  single  family  residences. 
Ihe  latter  are  usually  built  to  allow  for 
rapid  lot  drainage;  hence,  majm*  damage 
often  does  not  begin  unless  depth  of 
flooding  exceeds  one  or  two  feet  above 
natural  ground  level.  Flood  duration 
similaily  affects  alternative  activities  In 
different  ways.  The  calculation  of  re¬ 
maining  damages  should  be  particularly 
cognizant  ot  activity  type.  Plans  should 
consider  the  Implications  of  elevati(m, 
flood  proofing,  evacuaticm  and  relocation, 
and  an  other  management  options. 

(3)  Vertical  development.  As  the  value 
of  each  physical  imit  increases,  historical 
trends  indicate  that  the  number  of  stories 
In  buildings  increases  because  of  land 
scarcity.  For  most  streams,  flood  waters 
do  not  reach  second  stories  or  above.  In 
some  areas  basements  are  traditional  and 
in  other  areas  slab  foundations  predomi¬ 
nate;  both  affect  damage  susceptibility. 

(4)  Material  used.  Some  materials  are 
Inherently  less  prone  to  flood  damage 
than  others.  For  Instance,  cinder  block 
is  normally  less  prone  to  flood  damage 
than  wood. 

(5)  Individual  response.  As  property 
value  Increases,  owners  may  be  expected 
to  take  Individual  actions  to  reduce 
damage  susceptibility,  such  as  keeping 
valuable  household  items  oa  the  second 
story.  The  cost  of  flood  prooflng  serves  as 
a  limit  on  the  level  of  damages  which  a 
ratlcmal  activity  is  willing  to  accept.  The 
rati<mal  action  of  an  average  individual 
should  apply  when  trying  to  anticipate 
the  response  to  a  flood  hazard  situaUcm. 

(6)  Unknown  commodities  and  ma¬ 
terials.  Increases  in  damages  will  not  be 
assumed  where  the  nature  of  commodi¬ 
ties  and  materials  projected  in  the  future 
are  unknown.  This  is  because  the  suscep¬ 
tibility  of  such  conunodities  and  materi¬ 
als  to  flood  damages  cannot  be  known, 
and  many  aspects  of  “known”  projected 
activity  cannot  be  accurately  perceived. 

§  341.43  Projection  of  hnsiinesfl  and 
financial  looses. 

Business  losses  can  be  projected  to  in¬ 
crease  in  the  future  only  under  special 
circumstances.  The  special  circumstances 
are  when  it  can  be  shown  that  futiure 
losses  caxmot  be  compensated  through  a 
transfer  of  sales  to  other  establishments. 


Such  a  showing  will  require  a  determina- 
tion  at  the  numher  and  location  of  simi¬ 
lar  businesses  In  the  general  area.  In  no 
event  will  Increases  in  physical  losses  be 
used  to  directly  project  business  losses. 

S  341.44  Projection  of  emergency  costs. 

Emergency  costs  encompass  a  wide 
variety  of  programs.  Some,  such  as  emer¬ 
gency  shelter  and  food,  are  primarily  a 
functltm  the  occupancy  of  the  flood 
plain,  but  not  of  the  value  of  develop- 
mrat  in  the  flood  plain  itself.  In  no 
event  will  emergency  costs  be  projected 
to  Increase  as  a  direct  function  of  physi¬ 
cal  losses. 

S  341.45  Innnndation  reduction  benefit. 

The  inundation  reduction  benefit  is  the 
value  of  reducing  flood  losses  to  activities 
which  would  use  the  flood  plain  without 
any  plan.  Structural  measures  directly 
reduce  flood  flows.  Evacuation  reduces 
flood  losses  without  modifying  flood 
flows.  Early  warning  systems  reduce  flood 
losses.  Flood  plain  regulations  governing 
flood  prooflng  and  building  materials  also 
reduce  damage  susceptibility. 

(a)  Flood  damages  reduced.  Inunda¬ 
tion  reduction  benefits  are  measured  as 
the  reduction  in  the  amount  of  flood 
damages  or  related  costs.  Related  costs 
are  those  which  would  be  volimtarily 
undertaken  by  economically  rational  in¬ 
dividual  activities  to  reduce  flood  dam¬ 
ages.  An  important  example  is  where 
flood  prooflng  is  expected  without  a  plan. 
In  such  cases  the  benefit  is  the  cost  of 
flood  proofing  plus  damages  assuming 
flood  pro<^ng,  less  residual  damages. 

<b)  Market  value  of  land.  Hie  differ¬ 
ence  in  the  market  value  of  land  with  and 
without  a  project  reflects  the  capitalized 
increase  in  net  income  associated  with 
the  project.  This  proxy  is  not  perfect 
and  in  some  instances,  such  as  flood 
Ifiain  evacuation,  is  meaningless.  There¬ 
fore,  the  reduction  in  flood  damages 
often  provides  a  more  practical  and 
representative  measure  of  inundation 
bemefite  than  does  increase  in  land  value. 
However,  the  land  value  approach  is 
a  useful  check  <»  boieflts,  especially 
in  a  stable  agricultural  situation.  The 
influence  of  externalities  must  be  care¬ 
fully  considered  whenever  land  values  are 
used  in  the  ben^t  algorithm. 

§  341.46  Location  benefit. 

The  location  benefit  is  the  value  of 
making  flood  plain  land  available  for 
new  uses  by  reducing  flood  hazards  to 
activities  which  would  use  the  flood  plain 
only  with  protection.  An  example  is  when 
a  plan  permits  industrial  use  of  a  flood 
plain  which  would  be  in  agricultural  use 
or  vacant  without  the  plan.  Any  flood 
plain  management  strategy  which  re¬ 
duces  potential  flood  losses  can  poten¬ 
tially  give  rise  to  a  location  benefit. 
Location  benefits  are  narrowly  defined 
in  this  regulation.  The  benefit  for  pro¬ 
ducers  is  the  difference  in  the  net  income 
accniing  to  users  of  land  resources  which 
would  locate  on  the  protected  flood  plain 
when  compared  to  what  these  users 
would  earn  in  the  absence  of  a  plan.  For 


consumers,  the  benefit  standard  is  de¬ 
fined  as  the  difference  between  the  cost 
of  obtaining  a  site  of  equivalent  value 
in  an  alternative  manner  and  the  cost  of 
locating  on  the  protected  flood  plain. 
Three  techniques  are  available  to  meas¬ 
ure  location  benefits.  These  are:  Net 
Income  differences,  threshold  levels,  and 
changes  in  the  market  value  of  land. 
These  techniques  represent  a  compro¬ 
mise  between  theory  and  the  time  and 
data  limitations  facing  Districts.  Because 
they  are  not  equivalent,  two  methods  will 
be  used  in  each  calculation  of  location 
benefits.  The  choice  of  values  for  loca¬ 
tion  benefits  used  in  the  final  benefit 
calculation  should  be  based  oa  an  ex¬ 
plicit  evaluation  of  the  inability  of  the 
alternative  estimates.  Finally,  the  reduc¬ 
tion  of  flood  related  expenses  is  an  upper 
bound  on  location  benefit,  no  matter 
which  method  is  used. 

(a)  Net  income  differences.  The  bene¬ 
fit  is  derived  in  six  steps: 

(1)  For  a  displacing  activity,  calculate 
the  net  Income  difference  for  the  activity 
(where  costs  exclude  land  rent  and  flood 
damages)  between  the  alternative  site 
and  the  flood  plain  site. 

(2)  For  a  displaced  activity  (if  any), 
calculate  the  net  income  difference 
(where  costs  exclude  land  rent  and  flood 
damages)  between  the  alternative  site 
and  the  flood  plain  site.  This  step  is 
primarily  designed  to  insure  that  the 
loss  of  a^cultural  productivity  on  a  fer¬ 
tile  flood  plain  is  not  overlooked. 

(3)  Add  the  increases  in  net  income  of 
the  displacing  activities  less  the 
decreases  in  net  Income  of  the  displaced 
activities. 

(4)  As  with  all  evaluation  categories, 
residual  damages  to  Induced  develop- 
mmt  must  be  substracted  from  gross 
location  benefits.  Note  that  induced  de¬ 
velopment  Includes  activities  which  lo¬ 
cate  on  the  protected  flood  plain  solely 
because  another  activity  locates  there. 
For  example,  if  residmtial  development 
occurs  on  the  flood  plain,  schools,  com¬ 
mercial  businesses  and  other  activities 
will  locate  there  also.  This  reduces  the 
benefit  attributable  to  the  flood  contool 
Ifian  because  residxial  damages  to  such 
activities  must  be  deducted  from  location 
benefits. 

(5)  Flood  damages  reduced  to  activ¬ 
ities  which  have  been  displaced  by  the 
induced  activities  should  be  subtracted 
if  such  reductions  have  already  been 
counted  as  part  of  an  inundation  benefit. 

(6)  External  flood  damages  must  be 
deducted.  Taken  together,  steps  4,  5  and 
6  call  for  a  thorough  analysis  of  in¬ 
duced  and  remaining  flood  damages. 

The  net  Income  approach  will  have 
greatest  practical  application  where  the 
advantages  of  the  flood  plain  relative  to 
alternative  sites  are  specifically  identi¬ 
fiable  and  quantifiable,  and  the  displaced 
activity  is  agricultural  (or  vacant) . 

(b)  Threshold  levels.  The  threshold 
level  is  that  level  of  protection  at  which 
a  new  activity  is  economically  Indifferent 
between  location  on  the  flood  plain  and 
off  the  flood  plain.  Viewed  frmn  a  flood 
frequency  perspective,  for  example,  an 
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activity  may  be  indifferent  to  -moving 
onto  the  flo^  plain  if  a  50-year  level  of 
protection  were  assured.  Any  level  of 
protection  above  50  years,  therefore, 
would  induce  the  activity  onto  the  pro¬ 
tected  flood  plain.  The  benefit  above  this 
level  may  be  quantified  in  terms  of  flood 
damages  reduced  to  the  new  activities. 
Flood  damages  reduced  to  the  old  activ¬ 
ity  must  be  subtracted  to  avoid  double 
counting  of  beneflts  if  they  have  been 
claimed  as  inundation  beneflts.  Finally, 
external  flood  damages  must  be  deduct^ 
(similar  to  paragraph  (a)  (6)  of  this 
section. 

(1)  Rationale.  The  method  is  analo¬ 
gous  to  the  use  of  flood  damages  reduced 
to  measure  the  inundation  benefit.  It 
will  be  noted  that  in  the  case  of  inunda¬ 
tion  beneflts,  the  threshold  level  of  pro¬ 
tection  is  no  protection. 

(2)  Some  suggested  methods  of  meas¬ 
urement.  The  following  are  suggested  as 
aids  in  quantifying  threshold  levels: 

(i)  Direct  interview  with  potential 
flood  plain  users.  Because  of  the  limited 
number  of  interviews  necessary,  this  ap¬ 
proach  would  be  particularly  useful  in 
intensiflcation  situations  and  for  indus¬ 
trial,  commercial,  and  home  construction 
Arms  which  are  already  in  the  general 
area. 

(ii)  Institutional  sources.  Various 
sources  on  information  include:  local 
flood  control  districts,  local  zoning  ordi¬ 
nances  and  Federal  flood  plain  manage¬ 
ment  offices. 

(iii)  Flood  damages  per  acre.  Where 
the  flood  plain  is  fairly  homogenous  ex¬ 
cept  for  the  flood  hazard,  the  flood  dam¬ 
ages  per  acre  (or  other  unit)  on  the  por¬ 
tion  of  the  flood  plain  which  is  expected 
to  experience  the  same  develc^iment  pat¬ 
tern  with  or  without  the  plan  approxi¬ 
mate  an  acceptable  level  of  flood  hazard. 
Every  advantage  should  be  taken  of  sta¬ 
tistical  sampling  techniques  under  these 
conditions. 

(iv)  Similar  projects.  The  effect  of 
Federal  or  local  projects  along  the  same 
stream  or  other  similar  streams  may 
indicate  the  threshold  level.  For  exam¬ 
ple,  if  50 -year  channel  works  induced 
residential  development  in  a  nearby 
area,  the  50-year  protection  thrediold 
level  for  the  study  area  would  probably 
be  similar. 

(V)  Location  within  the  flood  plain. 
Low  levels  of  protection  may  induce  de¬ 
velopment  of  only  those  areas  of  the  flood 
plain  which  are  not  subject  to  large 
damages. 

(vi)  Prior  determinations.  Where  a  de¬ 
tailed  analysis  (subsequent  paragraphs) 
of  development  and  operating  costs  has 
established  a  given  threshold  level  for  a 
stream,  the  same  level  may  apply  for 
other  streams  in  the  area  or  other 
streams  with  similar  characteristics. 

(vii)  Shape  of  damage  curve.  For  ex¬ 
ample,  where  potential  damages  occur 
primarily  in  larger  floods,  a  high  level  of 
protection  will  be  necessary  to  Induce  ac¬ 
tivities  to  locate  in  the  flood  plain. 

(c)  Changes  in  the  market  value  of 
land.  Changes  in  market  value  of  land 
can  be  used  to  measure  location  beneflts. 


The  value  of  land  is  established  through 
market  transactions  and  is  influenced  by 
buyers  and  sellers  considering  the  esti¬ 
mated  effects  of  risk,  uncertainty,  proba¬ 
bility  of  higher  use,  and  the  time  lapse 
before  particular  land  parcels  are  ex¬ 
pected  to  shift  into  a  higher  order  of  use. 
Consequently,  market  land  value  repre¬ 
sents  the  present  capitalized  value  of  the 
anticipate  future  income  stream  (rents) 
associated  with  the  expected  uses  of  the 
land.  Changes  in  the  market  value  of  land 
can  be  used  to  measure  the  beneflts  to 
activities  which  would  locate  in  the  flood 
plain  when  there  are  important  external¬ 
ities  associated  with  a  plan.  Thus,  there 
are  two  uses  of  changes  in  the  market 
value  of  land. 

( 1 )  Location  benefit  to  users.  The  ben¬ 
efit  is  the  difference  in  the  market  value 
of  flood  plain  land  with  and  without  a 
plan. 

(i)  With  plan  value.  If  the  plan  does 
not  resiUt  in  a  major  addition  to  the 
supply  of  land  in  the  area,  the  value 
with  protection  is  the  market  value  of 
comparable  flood  free  land.  If  the  plan 
results  in  a  major  addition  to  the  sup¬ 
ply,  the  effect  on  the  general  price  of 
land  should  be  taken  into  account  in 
estimating  the  value  of  flood  plain  lands 
with  protection.  The  flood  free  land  must 
be  comparable  in  terms  of  physical  and 
Infrastructural  characteristics,  e.g.,  water 
availability,  transportation,  soil  stability, 
utilities,  amenities,  and  so  forth. 

(il)  Without  plan  value.  The  value  of 
nearby  flood  plain  sites  should  be  used 
or,  where  reasonable,  the  current  value 
of  the  flood  plain.  In  either  case,  the  cur¬ 
rent  and,  where  available,  past  market 
values  of  the  flood  plain  will  be  reported. 
Actual  market  values  will  be  used,  not 
capitalized  income  values.  Hence,  it  must 
not  be  assumed  that  the  value  of  land 
being  used  for  agriculture  in  an  urban  or 
urbanizing  situation  is  the  capitalized 
value  of  agricultural  returns  and  that 
any  value  higher  than  that  is  due  to 

(a)  speculation  on  a  Corps’  project  or 

(b)  lack  of  knowledge.  On  the  contrary, 
without  values  in  excess  of  agricultural 
values  are  to  be  expected,  reflecting  the 
probability  of  futvu-e  use  as  well  as  exist¬ 
ing  and  anticipated  infrastructural  in¬ 
vestments  (e.g.,  highways,  water  supply, 
etc.).  In  addition,  the  comparable  with¬ 
out  project  sites  should  not  be  flood  free 
agriciiltural  sites. 

(iii)  Projection  of  market  value  of 
land.  Projected  increases  in  the  market 
value  of  land  with  and  without  a  plan 
may  not  be  used  to  measure  flocxi  con¬ 
trol  beneflts.  This  is  because  the  current 
market  value  of  land  theoretically  cap¬ 
tures  the  expected  stream  of  beneflts 
over  time. 

(iv)  Data  problems,  sources  and  dis¬ 
play.  Comparable  sites  should  always  be 
specifled  both  as  to  location  and  as  to 
sales  data  utilized  for  establishing  the 
price.  In  addition,  the  comparable  sites 
should  be  displayed  on  a  map.  The  nmn- 
ber  of  observations  and  an  ansdysls  of 
the  range  of  values  must  be  based  on 
sound  statistical  procedures.  In  addition, 
the  difference  in  with  and  without  values 


must  be  net  of  differences  due  to  zoning 
and  to  parcel  size.  Market  values  may  be 
obtained  from  reports  of  land  transac¬ 
tions,  appraisals  a^d  assessments  and 
other  soiu'ces  depending  upon  data 
availability  and  reliability. 

(v)  Computation  of  benefits  from 
market  value  data.  The  Federal  rate  of 
return  will  be  used  in  converting  market 
values  to  average  annual  beneflts.  This 
is  because  of  the  difficulties  in  convert¬ 
ing  a  nominal  private  rate  of  return  to  a 
real  rate  of  return  by  adjusting  for  in¬ 
flation.  Of  course,  residual  damages  to 
induced  activities  must  be  deducted.  In¬ 
creased  flood  damages  to  areas  outside 
the  protected  area  must  also  be  deducted 
and  inundation  beneflts  to  displaced  ac¬ 
tivities  must  be  deducted  if  these  were 
claimed  as  inundation  beneflts. 

(2)  Effects  from  externalities.  In  addi¬ 
tion  to  its  effects  on  flood  damages  out¬ 
side  the  protected  area,  a  plan  may  have 
other  effects  on  activities  near  the  fl(x>d 
plain.  For  example,  when  a  plan  per¬ 
mits  the  development  of  a  flood  plain 
which  otherwise  would  be  open  or  green 
space,  nearby  activities  may  suffer  losses. 
These  losses  would  be  reflected  in  a  de¬ 
cline  in  land  values  in  the  nearby  areas. 
Conversely,  open  or  green  space  as  a 
component  of  a  flood  plain  management 
plan  may  raise  surrounding  land  values. 
When  such  externalities  are  expected  to 
be  important  and  can  be  estimated,  they 
should  be  included  in  the  location  bene- 
flt  calculation. 

§  341.47  Intensification  benefit. 

The  intensiflcation  benefit  is  the  value 
of  a  plan  to  activities  which  are  thus  en¬ 
abled  to  utilize  their  land  more  inten¬ 
sively.  An  example  is  where  the  reduc¬ 
tion  of  the  risk  of  flooding  permits  a  user 
to  invest  additional  labor  or  capital  in 
the  land,  thereby  producing  higher  crop 
yields  or  converting  woodland  or  pasture 
to  crops.  This  same  type  of  benefit  can 
accrue  in  urban  settings.  For  example, 
homeowners  may  decline  to  renovate 
older  homes  due  to  a  flood  threat  or  prop¬ 
erly  utilize  land  available  for  expansion; 
the  removal  of  the  threat  results  in  an 
intensiflcation  benefit.  A  flood  plain  man¬ 
agement  plan  which  embodies  preserva¬ 
tion  or  enhancement  of  open  space,  parks 
or  historic  sites  may  also  resiilt  in  large 
intensiflcation  beneflts  in  lu'ban  settings 
where  a  high  demand  for  such  uses  ex¬ 
ists.  Residual  flood  losses  to  these  inten¬ 
sified  activities  must  also  be  considered 
when  calculating  net  flood  damages. 

(a)  Direct  measurement.  Revenues 
and  costs  are  usually  available  for  agri¬ 
cultural  activities.  Direct  measurement 
of  net  income  changes  is  therefore  pos¬ 
sible.  Net  agricultural  income  for  future 
years  may  be  obtained  by  estimating  an¬ 
ticipated  net  productivity  gains  in  agri- 
cultmre  for  the  area  under  analysis. 
Factors  of  production  should  be  made 
explicit.  The  analyst  should  utilize  ex¬ 
pert  opinion,  past  trends  and  data  from 
“model”  farms  such  as  those  nm  by  agri¬ 
cultural  experiment  stations.  Net  pro¬ 
ductivity  is  the  increased  sdelds  and 
conunodity  price  per  acre  adjusted  for 
the  change  In  costs,  including  iniuidation 
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damages  associated  with  the  new  oper¬ 
ation.  Under  the  majority  of  circum¬ 
stances,  it  may  be  assumed  that  no  indi¬ 
vidual  project  is  likely  to  Influence  the 
productive  practices  of  agricultural  ac¬ 
tivity  elsewhere.  Although  extremely 
difficult  to  measure,  the  cumulative  effect 
of  agricultural  Intensification  benefits 
for  each  project  should  reflect  the  net 
reduction  in  agrlcultursd  income  lost 
elsewhere  because  of  the  project.  This 
means  that  the  benefit  is  limited  to  the 
savings  in  cost  for  induced  production 
when  compared  to  production  on  upland 
areas,  and  must  be  so  calculated  when¬ 
ever  possible.  In  no  case  may  this  exceed 
the  savings  in  the  cost  for  induced  pro¬ 
duction  in  the  flood  plain  itself. 

(b)  Threshold  levels.  Similar  to  the 
measurement  approach  for  location  ben¬ 
efits,  intensification  benefit  can  be  meas¬ 
ured  by  those  flood  damages  reduced 
above  the  threshold  level. 

(c)  Market  value  of  land.  As  discussed 
under  inundation  reduction  and  loca¬ 
tion  benefits,  market  value  is  normally 
not  preferred  as  a  measure  of  benefits; 
although  it  does  provide  a  useful  check 
upon  other  techniques  and  may  serve  as 
a  parameter  of  benefit  worth. 

§  341.48  Remaining  flood  damage  sit- 
nation:  Categwization. 

The  remaining  damages  are  those 
which  are  expected  to  occur  even  with 
a  flood  plain  management  plan  in  opera¬ 
tion.  Categories  of  remaining  damages 
are: 

(a)  Damages  to  activities  which  would 
occupy  the  flood  plain  with  as  well  as 
without  the  plan.  Damages  to  these  ac¬ 
tivities  may  be  increased  by  the  presence 
of  induced  activities  because  the  induced 
activities  reduce  the  natural  storage 
area  of  the  flood  plain  (e.g.,  by  floodway 
encroachment).  Such  effects  are  a  part 
of  the  remaining  damages. 

(b)  Damages  to  activities  which  would 
occupy  the  flood  plain  only 'with  the 
plan.  Again  effects  of  increased  flood 
heights  resulting  from  Induced  develop¬ 
ment  are  a  part  of  the  remaining 
damages. 

(c)  Increased  damages  to  activities 
outside  the  protected  area  under  the 
with — as  compared  to  the  without — con¬ 
dition.  For  example,  the  plan  itself  or  the 
development  Induced  by  a  plan  may 
cause  increased  or  new  flooding  on  the 
fringe  of  the  flood  plain  or  up  and  down¬ 
stream.  Such  external  effecte  are  a  part 
of  the  remaining  damages. 

§  341.49  Remaining  flood  damage  sit¬ 
uation:  Display. 

The  quantity  and  nature  of  remaining 
flooding,  particularly  for  large  and  in¬ 
frequent  floods,  will  have  an  important 
bearing  on  plan  formulation,  evacuation 
and  recommendation  as  already  indicat¬ 
ed  §§  341.44-341.46  of  this  Part.  Bene¬ 
fits  resulting  from  a  plan  must  be  net 
of  residual  damages.  Therefore,  the  bene¬ 
fit  evaluation  and  measurement  part  of 
any  report  shall  separately  describe  and 
quantify  remaining  flooding.  In  order 
that  an  unacceptably  large  remaining 
loss  condition  does  not  remain  under 


any  given  plan,  and  in  order  that  plan 
Induced  losses  are  not  overlooked,  it  Is 
most  important  that  remaining  losses 
are  carefully  and  explicitly  presented. 
Hie  remaining  flood  situation  should  be 
described  by  at  least  the  following 
parameters: 

(a)  Average  annual  equivalent  resid~ 
ual  flood  losses.  Such  losses  are  to  be 
presented  In  average  annual  equivalent 
flood  losses,  existing  and  projected, 
brought  to  present  worth,  and  amortized. 

(b)  Residual  average  annual  losses  for 
selected  years.  Annual  losses,  on  an  un¬ 
deferred  basis,  shall  be  presented  for  the 
current  year,  the  base  year,  and  by  dec¬ 
ade  thereafter.  Full  account  will  be 
taken  of  projected  hydrologic  demo¬ 
graphic  and  economic  changes.  Average 
future  hydrologic  conditions  shall  not  be 
used. 

(c)  Standard  project  flood.  Flood 
losses  with  project  are  an  extremely  im¬ 
portant  factor  in  plan  choice  in  urban 
situations,  especially  where  the  possi¬ 
bility  of  a  catastrophic  flood  remains.  A 
catastrophe  occurs  when  an  urban  area 
is  crippled  for  a  sustained  period,  where 
a  substantial  infusion  of  Federal,  state  or 
regional  rehabilitation  funds  (disaster 
relief)  is  necessary,  or  where  it  cotdd  be 
expected  to  be  deemed  a  Federal  or  state 
disaster  area.  Likewise,  a  catastrophe  oc¬ 
curs  when  a  serious  danger  to  life  exists 
or  extensive  property  damage  resiilts.  It 
is  possible  that  a  plan  may  be  effective 
in  reducing  average  annual  flood  losses 
but  ineffective  against  large  (SPF) 
floods;  e.g.,  thus  levees  may  be  over¬ 
topped  and  far  upstream  reservoirs  may 
not  effectively  reduce  damaging  stages 
at  the  downstream  damage  center.  A 
plan  could  actually  increase  the  disaster 
potential  of  an  area  by  inducing  un¬ 
wise  use  of  the  flood  plain  unless  land 
use  is  regulated  with  full  recognition  of 
the  remaining  hazard.  Therefore,  re¬ 
maining  flooding  in  a  SPF  flood,  with  the 
plan,  must  be  fully  described.  With  plan, 
SPF  damages  will  be  presented  on  an  un¬ 
deferred  basis  for  the  selected  years  list¬ 
ed  in  the  prior  subparagraph.  The  num¬ 
ber  of  structures  and  acres  by  land  use 
type,  the  disruption  of  essential  services 
(water,  power.  Are  protection  and  sani¬ 
tary  services)  and  the  distance  to  unaf¬ 
fected  essential  services,  the  depth  of 
flooding,  and  anticipated  warning  time, 
the  velocity,  duration,  typical  debris  con¬ 
tent  and  any  other  pertinent  descriptors 
of  the  residual  flood  situation  will  be  pre¬ 
sented.  Similarly,  damages  and  descrip¬ 
tors  under  without  plan  conditions  will 
be  presented  for  comparative  purposes. 
The  presentations  of  SPF  losses  will 
clearly  distinguish  between  losses  to  plan 
induced  or  intensified  development, 
losses  to  development  which  would  locate 
in  the  flood  plain  with  and  without  the 
plan,  and  increased  losses  to  development 
off  the  flood  plain. 

Subpart  E — ^Validation  of  Benefit 
Evaluation 

§  341.50  Methods  for  adding  validity  to 

benefit  evaluation. 

The  following  Is  a  brief  discussion  of 
several  methods  by  which  the  planner 


can  Improve  the  credibility  of  the 
results  of  a  proposed  plan.  The  sug¬ 
gested  techniques  are  not  all-inclusive, 
and  many  may  not  be  applicable  in  the 
majority  of  analyses.  The  inclusion  of 
such  tests  may  be  required  under  cer¬ 
tain  conditions  and  will  be  expected 
whenever  there  is  any  significant  ques¬ 
tion  regarding  the  validity  of  the  under¬ 
lying  analysis. 

(a)  Sensitivity  analysis.  Sensitivity 
analysis  is  a  necessary  feature  of  any 
good,  multivariable  analysis.  The  plan¬ 
ner  cannot  be  satisfied  with  the  defini¬ 
tion  of  a  plan  for  resource  (e.g.,  land, 
water,  recreation,  etc.)  allocation  that 
is  optimal  for  a  specific  set  of  conditions 
if  the  plan  is  particularly  sen^tive  to 
changes  in  the  model.  Water  and  land 
resource  allocation  models  require  the 
planner  to  predict  both  the  rate  of 
changes  in  the  assumed  values  of  the 
model  parameters  and  the  range  of  con¬ 
ditions  over  which  any  particular  plan 
is  recommendable;  these  data  are  ob¬ 
tained  by  sensitivity  analysis.  In  cases 
where  a  solution  is  found  to  be  particu¬ 
larly  sensitive  to  a  given  variable  or  pa¬ 
rameter,  such  information  must  be  made 
explicit  in  the  plan  formulation  and 
evaluation  report. 

(b)  Utilization  of  sampling  techniques 
and  statistical  testing.  TWs  method  can 
be  applied  whenever  practical,  statisti¬ 
cally  sound  sampling  techniques  can  be 
utilized  in  the  collection  of  data  on  flood 
plains  and  their  affected  areas.  Sampling 
is  not  only  an  excellent  means  of  reduc¬ 
ing  the  cost  of  the  study  effort,  but  can 
often  result  in  data  which  are  statis¬ 
tically  superior  to  a  total  survey  ap¬ 
proach  in  terms  of  accuracy  and  consist¬ 
ency.  In  addition,  the  planner  is  in  a  po¬ 
sition  to  predetermine  a  sample  size 
which  will  produce  results  of  a  compara¬ 
ble  accuracy  (and  cost)  with  the  remain¬ 
ing  study  elements.  This  is  possible  by 
choosing  a  sample  size  whose  level  of  con¬ 
fidence  (probability)  is  no  greater  nor 
less  than  that  of  the  study  as  a  whole. 
Except  when  a  true  sample  is  utilized, 
statistical  measures  of  probability  can¬ 
not  be  accurately  quantified.  Likewise, 
knowledge  of  data  characteristics  such 
as  distribution  and  mean  variation  can 
assist  the  planner  substantially  in  the 
design  of  sensitivity  tests,  optimal  solu¬ 
tions  and  overall  estimates  of  study  re- 
svilt  probability  for  further  plan  formu¬ 
lation  and  evaluation. 

(c)  Quantifying  variable  relationships. 
Whenever  a  cause  and  effect  relationship 
is  assumed  to  exist  between  a  study  (de¬ 
pendent)  variable  and  one  or  more  in¬ 
dependent  variables,  a  coefficient  of  cor¬ 
relation  and  determination  must  be  cited 
prior  to  its  introduction  into  plan  formu¬ 
lation  and  evaluation.  Whenever  this 
same  relationship  is  projected  into  the 
future,  the  source  of  the  projected,  in¬ 
dependent  variable  must  be  cited  and  the 
flhal  regression  coefficients  conspicuous¬ 
ly  displayed  in  the  final  report.  In  addi¬ 
tion,  an  Indication  of  how  well  the  re¬ 
gression  equation  described  the  assumed 
relationship  must  also  be  stated;  e.g.,  a 
measure  of  the  dispersion  of  the  actual 
values  of  Y  about  the  regression  line. 
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similar  to  the  variance  or  the  standard 
deviation  for  the  mean  average  of  the 
previously  discussed  sample.  There  are 
numerous  standard  analytical  computer 
routines  which  the  planner  can  utilize 
for  this  task,  including  those  available 
within  the  Corps  System  of  Information 
Retrieval  and  Analysis  for  Planners 
(SIRAP)  program. 

§  341.51  Assumptions  and  hypotheses. 

A  summary  of  study  assumptions  and 
hypotheses  to  be  utilized  in  a  study  effort 
should  precede  the  presentation  of  the 
analysis.  An  indication  of  the  sensitivity 
of  study  results  (direct  or  indirect)  to 
changes  in  each  study  assumption,  hy¬ 
pothesis  or  variable  ^ould  be  noted  at 
the  time  of  its  introduction  into  the  ana¬ 
lytical  process;  (e  g.,  a  hypothetical  ex¬ 
ample  might  read,  “the  study  assumed  a 
fertility  rate  of  2.7  percent  by  the  year 
2000.  Alternative  assiunptions  of  3.1  per¬ 
cent  and  2.45  percent  were  also  tested  and 
resulted  in  less  than  5  percent  change  in 
aggregate  water  supply  requirements  and 
a  3  percent  change  in  total  benefits,  with 
no  change  in  project  design  implied.’’). 
It  should  be  noted  Uiat  many  assump¬ 
tions  p>ossess  a  certain  consistency.  ’These 
Interdependencies  should  be  tested  as  a 
unit,  for  if  one  is  accepted  the  others  are 
presumed;  (e.g.,  the  production  of  ferti¬ 
lizer  for  domestic  use  presumes  a  given 
level  of  crop  production). 


§  341.52  Probabilities  of  occurrence. 

Although  often  difficult  to  quantify, 
some  indication  of  probability  should  be 
associated  with  each  variable,  hypothesis 
and  assumption  found  to  be  significant  to 
the  study  results.  Whereas  study  results 
may  be  highly  sensitive  to  a  given  as¬ 
sumption,  if  the  plaimer  has  a  high  level 
of  confidence  (high  probability)  in  its 
occurrence,  its  use  in  plan  formulation 
and  evaluation  would  be  justified.  If  high 
sensitivity  is  combined  with  a  low  level 
of  confidence,  the  planner  should  at¬ 
tempt  to  avoid  its  me  in  the  analysis  or 
at  least  conspicuously  display  a  range 
of  values  or  options  associated  with 
alternative  levels  of  probability  from 
which  he  chose.  In  extreme  cases  where 
the  probability  of  occurrence  or  validity 
may  be  critical  (analytically  or  p>oliti- 
cally) ,  the  methods  by  which  these  proba¬ 
bilities  were  derived  should  be  well  docu¬ 
mented.  ’This  would  include,  when  ap¬ 
plicable,  a  routine  use  of  the  null 
hypothesis,  specific  tests  of  significance 
(t-test,  standard  deviation,  variation) 
measures  of  skewness,' tests  of  variability 
of  data  values  within  an  array  (Chi- 
square  and  regression) ,  and  various  ap¬ 
proaches  to  hypothesis  testing  and  esti¬ 
mation. 

§  341.53  Some  specific  checks. 

In  addition  to  the  recommended  plan’s 
Benefit-Cost  ratio,  which  must  be  cited. 


there  are  several  specific  checks  which 
should  also  be  included  in  a  fiood  control 
report; 

(a)  Break-even  years.  There  are  two 
significant  break  even  years.  As  used 
herein,  annual  charges  for  multiple- 
purpose  projects  are  based  on  allocated 
costs: 

(1)  rrhe  project  year  in  which  undis- 
coimted  annual  benefits  first  exceed  an¬ 
nual  charges. 

(2)  ’The  project  year  in  which  dis¬ 
counted  benefits  exceed  annual  charges 
assuming  no  further  increases  in  bene¬ 
fits. 

(b)  Internal  rate  of  return.  ’The  rate 
of  interest  at  which  benefits  equal  costs 
over  the  period  of  analysis  (i.e.,  benefit- 
cost  ratio  equals  1.0). 

(c)  Discount  rate.  For  authorized  proj¬ 
ects,  the  effect  of  using  the  current  Fed¬ 
eral  discount  rate  should  be  presented. 

(d)  Value  per  structure.  As  previously 
discussed,  increases  in  future  damages 
relate  to  increases  in  the  number  of 
structures  as  well  as  increases  in  the 
value  of  structiu-es  and  contents.  Vlhen- 
ever  increases  in  damages  are  based  upon 
Increases  in  value,  a  sensitivity  analysis 
should  be  accomplished  under  the  alter¬ 
nate  assumption;  i.e.,  there  is  no  in¬ 
crease  in  the  average  value  of  structure 
or  contents;  that  increases  in  dsunages 
are  due  solely  to  increases  in  the  number 
of  structures  and/or  shifts  from  one  type 
of  structure  to  another. 
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